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Q. 1. Explain and illustrate the law of equivalent pr&por^ 
iions* What is meant by the term equivalent weight of an element 
and how is it related to its atoinio weight ? 

Des&rihe an experhnent to determine the equivalent weight of 
copper. What further facts and reasonings are required to fix its 
atomic iveight ? 

Ans. The law of equivalent proportions is stated thus :— 

When elements combine among themselves^ they do so in the 
ratio of their equivalent weights or in the ratio of multiples of 
these equivalejits. 

The law can be illustrated by taking into consideration the 
weights in grams in which several elements individually combine 
with chemical equivalent of a particular element, say oxygen, 
since most of the elements are known to form oxides. We shall 
take into consideration the different weights in grams of several 
elements which are capable of combining with 8 grams of oxygen, 
its equivalent weight. It is known from analysis that 

8 grams of oxygen combine with 1 gram of hydrogen 

20 grams of calcium 
35'5 grams of chlorine 
12 grams of magnesium. 

The law states that the elements on the rig&t-hand side shall 
combine, if they combine at all, with one another in proportions 
of the weights mentioned or in the ratio' of simple multiples of 
those weights. 
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For^examplA: 

20 grapas of oalcinm shall combine with 

35*5 grams of chlorine 
19 grams of fluorine 
, 1 gram of hydrogen, etc. 

12 grams of magnesium shall combine with 

35*6 grams of chlorine 
19 grams of fluorine, etc. 

But the weights of elements which combine with 1 part by 
weight of hydrogen or 8 parts by weight of oxygen are called the 
equivalent weights of those elements. Thus it is found that the 
^elements like calcium, magnesium, etc., combine with elements 
like chlorine, fluorine, etc., in the proportions of their equivalent 
weights. 

Equivalent weight of an element is that weight of it which 
can combine with or displace 1 part by weight of hydrogen or 8 
parts by weight of oxygen or 36*6 parts by weight of chloiine, 
etc. Thus, equivalent weight of an element 

_ Weight of the element 
Weight of hydrogen 

(combined with or dis¬ 
placed by the weight 
of the element taken). 

Thus, equivalent weight is a mere number. Gram equi¬ 
valent of an element is the equivalent weight of the element 
expressed in gram. It is known from experiment that 36*5 
grams of chlorine combine with one gram of hydrogen. There¬ 
fore, 36*6 is the equivalent weight of chlorine. 

Atomic weight of an element is related to equivalent weight 

of that element in such a way that weight _ 2 

Equivalent weight 

number which expresses the valency of the element. 

Thus. Equivalent weight x valency 
= Atomic weight. 

The equivalent weight of copper is determined by the follow¬ 
ing experiment : 

A porcelain crucible with its lid is taken. It is thoroughly 
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cleansed, dried, heated on a elaypipe triangle for about half ^ 
hour, cooled in a desiccator and weighed in a chemical 
Heating, cooling and weighing is continued till the weight Of tbe 
crucible with lid becomes constant. Next a piece of pure ooppcz 
Wire is taken in the crucible and after placing the lid in position^ 
the whole is weighed again in the chemical balance* Tlw 
difference in the two weighings will give the weight of CoppCir 
taken. Now, the crucible is placed on an asbestos board, the 
lid is pushed aside a little and cone, nitric acid is added to 
copper drop by drop till the metal is completely dissolved. The 
crucible is to be kept nearly covered during the reaction. The 
crucible is next placed on a water bath after pushing the lid 
aside and the solution is evaporated slowly, taking care that 
there is no loss of solution by spirting. The green residue left 
in the crucible is of copper nitrate. Next the crucible is strongly 
heated over a Bunsen flame by placing it on a clay-pipe triangle 
with the lid pushed aside a little at first and then covered com¬ 
pletely till the copper nitrate is completely converted into black 
cojiper oxide. The crucible with the lid is then cooled in a 
desiccator and weighed again. The processes of heating, cooling 
and weighing are continued till the final weight is constant. 

Cu + 4HN08 = Cu(N009 + 2 H 2 O + N 2 O 4 
2 Cu(NO ,)2 - 2CuO + 4NO.^ -f 0^, 

Oalculations :— 

l;et the weight of the crucible and lid = grams. 

The weight of the crucible and lid + copper = 7^2 grams, 
wt of copper taken “(tc 2 ~ 7 «r) grams. 

Last weight of the crucible and lid + copper oxide = 7 c^ grams* 
wt. of oxygen combined with the given 

weight of copper —(WJ 3 grams. 

Thus, (wq -W 2 ) grams of oxygen has combined with (w^ 
grams of copper to form copper oxide. 

Therefore, 8 grams of oxygen will combine with 

Wx ^ g grams of copper. Hence, by definition, the 

lOa - 7Cj, 

equivalent weight of copper ** ^^ x 8 . * 

Ws 

The facts that are to be known are (1) Dulong and Petit's 
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rule* visu Atomio weight of an element x its specific heat = 6*4 
(approx.) from which, by knowing the specific heat of the element 
by actual determination, the approximate atomic weight of the 
element can be found; (2) the relationship, equivalent weight 
X valency “ Atomic weight. Thus, by dividing the approximate 
'atomic' weight as found by the application of Dulong and Petit’s 
Tule by the equivalent weight as determined experimentally very 
accurately, we shall get a number which, if fractional, is to be 
rounded off to the nearest whole number. This is the valency of 
the element. Next by multiplying the equivalent weight deter¬ 
mined with accuracy by the valency found as above, we can 
determine the atomic weight of the element, copper. 

Q. 2. Calculate the volutm of hydrogen at 27^0. and 760 
mm. pressure that will he produced in each of the following cases 
hy the decomposition of 5*4 grams of ivater when (ii) loater *s 
acted upon by metallic sodium, (h) water reacts with calcium 
hydride, (c) water is passed tn Iheform of steam ou&r red-hot 
iron. 

What IS nascent hydrogen ? Desaihe an experiment to prove 
that it is a moi'e poicerful reducing agent thayi ordinary hydrogen 
gas. 

Ans. (a) From the equation 

2 Na + 2 H 2 O - 2NaOH + Hg 
2x18 2 


We know that 2 x 18 grams of water give rise to 2 grams 
of hydrogen when acted upon by sodium. But 2 grams of 
hydrogen occupy 22’4 litres at N.T.P. since molecular weight 
of any gas expressed in grams occupy 22’4 litres at N.T.P, 
Therefore, 2 x 18 grams of water give rise to 22'4 litres of 
hydrogen at N.T.P. in this case. 


Hence 5'4 grams of water will give rise 
or 3*36 litres at N.T.P. 


, 22*4 

2 xY8 


X 6*4 


Let V be the volume occupied by this hydrogen at 27°0. and 
760 mm. pressure. 

Then by Boyle’s and Charles’ Laws, we have 
3*36x 760 Fx760 
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. _ 3*36x760x300 , , 

• • ~ 273 X 760 ~ ^ 4 (approx.) litres. 

(b) From the equation 

CaHa +2HaO = Oa(OH). + 2 H 2 
2 X 18 2x2 

We know that 2 x 18 grams of water give rise to 2 x 2 grams 
of hydrogen. But 2 grams of hydrogen occupy 22’4 litres at 
N.T.P., since molecular weight of any gas expressed in grams 
occupy 22*4 litres at N.T.P. Thus, 2 x 18 grams of water in 
this case give rise to 2 x 22*4 litres at N.T,P. 


2 ^ 22*4 

Therefore, 6*4 grams of water will produce ^ 6'4 or 

j A Xo 

6*72 litres at N.T.P, Thus, the volume of hydrogen in this 
case is double the volume of hydrogen obtained in case (a). 

The volume of hydrogen at 27°C., and 760 
3 S 2 X 3*74 litres (approx.) = 7*48 litres (approx.). 

(c) From the equation 

3Fe + 4 HaO-Fe 30 ,+ 4Ha 

4 X 18 4x2 

we know that 


mm. pressure 


4 X18 grams of water will give rise to 4 x 2 grams of 
hydrogen, «.e., 4 x 22*4 litres of hydrogen at N.T.P., since 
molecular weight of any gas expressed in grams occupy 22*4 
litres at N.T.P. Therefore, 6*4 grams of water will prodjice 

4 X 22*4 

4x18 ^*72 litres of hydrogen at N.T.P., i.e,, the 


volume of hydrogen is the same as in case ( 6 ). 

Therefore, the volume of hydrogen produced in this case at 
27®C. and 760 mm. pressure is 7*48 litres (approx.). 

Nascent hydrogen is the new-born hydrogen just produced 
from any of its compounds and as such it is obtainable at the 
moment of its liberation from its compounds. Its extra activity 
is oftentimes explained by supposing it to be in the atomic 
state under the condition stated above, not having had time 
enough to form a molecule by combining with another atom. 
There are also other explanations for its extra, activity, 
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energy ckjntent of hydrogen in the nascent state, being high or 
tbo hydrogen liberated 1 )eing under high pressure, the actirity is 
exhibited.. ‘ 

Mxiperiment to show that nascent hydrogen is a more powerful 
redutting agent than ordinary hydrogen : 

A solution of potassium permanganate, KMuO^ is prepared 
in water, diluted to sufficient extent. Next the solution is aci¬ 
dulated with dil. Ha SO 4 . Hydrogen from a Kipp’s apparatus 
is passed into a portion of this solution for about 15 to 20 
minutes. The pink colour of the solution is 7iot discharged. 
Next a few pieces of Zinc and dilute HaSOj, are added to the 
remaining portion of the same solution. The pink colour of 
the solution is discharged within a short time by the hydrogen 
evolved within the solution. This proves tliat the hydrogen 
in the nascent state is a more powerful reducing agent than 
ordinary molecular hydrogen. 

2KMn04 + SHgSO* + lOH = Ko SD 4 + + 8 H 2 O. 

Q. 2 . (Alternative;, Or, Give an account of the properties 
of carbon ynonoride. Uoir would you convert it into carbon 
dioxide and vice versa ? 

100 C.C. of a mixture of carbon monoxide, methane and hydr0’> 
gen loere mixed with 300 c.C‘ of oxygen and fired. After coolhig, 
the result big gases occupied 285 c.c. and after ahsoiption by 
potash 205 c.c. of oxygen remained^ Determine the eomposiiioyi 
of the mixture. All the gases loere measured at the same 
temperature and pressure. 

Ans. Properties of carbon monoxide, CO ; 

Carbon monoxide is a colourless gas with a peculiar faint 
smell. It is slightly lighter than air and is practi( 5 ally insoluble 
in water. The gas is extremely poisonous ; it combines with 
the hmmoglobin of blood forming carboxy-haemoglobin which 
is incapable of absorbing oxygen ; thus blood in the lungs losea 
its capacity of taking up oxygen and thus brings about insensi¬ 
bility and ultimately death. 

Carbon monoxide is a combustible gas. It burns with a 
characteristic lambent blue dame, forming CO 2 , ^hen ignited, 
2CO + Oa =* 2 C 02 . An intimate mixture of carbon monoxide and 
oxygen when indammed explodes violently. 
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It is a neutral oxide of carbon. It is an un^atwroM com^ 
pound and combines directly with chlorine, under the InfiuejQoe' 
of sunlight, with the formation of carbonyl chloride, nr 
gas : 00+ 01 2 “0001 2 . Finely divided nickel, oob^|l^ «bd 
unite with carbon monoxide on heating, with the formation. ;^f 
a class of compounds called carbonyls, e.g., nickel caHionart) 
Ni(00)4, iron carbonyl, Fe(OO)6 etc, V ■ 

Oarbon monoxide is a powerful reducing agent at an elevated 
temperature. Thus, when carbon monoxide is passed over-red- 
hot copper oxide, OuO is reduced to metallic copper and 00 is 
oxidised to OO 2 . CuO + 00 = Cu + 002. Solid KOH when 
heated absorbs 00 when passed into it under pressure forming 
patassium formate; KOH+ 00 = HOOOK. A solution of 
cuprous chloride in cone. HOI or in ammonia absorbs carbon 
monoxide, forming OuOl, 00, 2 H 2 O. 

Conversion of carbon monoxide into carbon dioxide and 
vice versa ^ 

When carbon monoxide is burnt in excess of air or oxygen, 
it is converted into carbon dioxide. 

200 + O 2 “2002. 

Again when carbon dioxide is passed through a tube 
containing red-hot charcoal, it is converted into carbon 
monoxide. 

003 + 0 = 200. 

Sum: — 

Lot X c.c. be the volume of carbon monoxide and c.c. bo 
the volume of methane present in 100 c.c. of the gas mixture. 
Then the volume of hydrogen present = (100 -x-y) c.c. 

Volume of carbon dioxide produced after explosion, as seen 
from KOH absorption = (285 - 205) c.c. 

= 80 c.c. 

Also the volume of oxygen used up in the explosion = (300 - 
205) c.c. = 95 c.c. 

The reactions that take place can be represented by the 
following equations i — 

200 + 02 = 2 OO 2 ...(1) 

2 vols. 1 vol. 2 vols. 
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OH4 + 20a “ COa +2H9O ...(2) 

1 voL 2 vols. 1 voL 

2Ha + O 2 “2HaO ...(3) 

2 vols. 1 voL 

equation ( 1 ) we know that 

•S 

2 vols. of 00 will lequire 1 vol. of oxygen for complete 
combustion and will give rise to 2 vols. of GO 2 * 

3/ 

a c.c. of CO will require ^ c.o. of oxygen for complete 


combustion and will give rise to x c.c. of COa. Similarly, from 
equation ( 2 ), we know that 

1 vol. of CH 4 will require 2 vols. of oxygen for complete 
combustion and will give rise to 1 vol. of COa. 

y C.C. of OH 4 will require ^y c.c. of oxygen for complete 
combustion and will give rise to y c.o. of COa- From equation 
( 8 ), we know that 


2 vols. of hydrogen will require 1 vol. of oxygen for complete 
combustion. 

(100 “ a “ 2 /) c.c. of hydrogen will require^^ 2 * “ ^ 
of oxygen for complete combustion. 

Hence, from the data given, and from the suppositions made, 
we have 

a ;+ 2 /*=80 .( l ) 


X „ 100-a; “ 2 ^ 

2 + 22/ + ^ =95. 


.( 2 ) 


Sv 

From (2), we have 2 ' = 95 ~ 50 = 46 


82 /= 90 

2 / *30 c.c. 

a; =50 c.c. from (l). 

Thus CO present = 60 c.c. 

OH 4 present =30 c.o. 

and Ha present = (100 - 60 - 30) o.c. 

■“ 20 c.c. 

Q. 3. What is meant by hard and soft water ? What causes 
hardness of water and why ? 
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State, giving reasons for your answer, to which of those tu, 
categories each of the following samples of water belongs : tfftin 

water, (b) sea water, (o) water derived from clear ice produced .by 
partially freezing sea water. 

What are the disadvantages of hard water ? Describe methods 
by which you could remove hardness of toater^ 

Ans. Hard water is that kind of water which does not easily 
produce lather with soap, but does so after much soap is con¬ 
sumed. Soft water easily produces lather with soap and so 
practically no soap is wasted. 

Hardness of water is due to the presence of soluble calcium 
and magnesium salts in solution. When the hardness is due to 
the presence of bicarbonates of calcium and magnesium in solu¬ 
tion, it is called ‘temporary hardness’ ; but when the hardness 
is due to the presence of chlorides and sulphates of calcium and 
magnesium in solution, it is called ‘permanent hardness’ of 
water. When soluble salts of calcium and magnesium are pre¬ 
sent in water, double decomposition takes place with the consti¬ 
tuents of soap which contains soluble sodium and potassium 
salts of organic acids like palmitic acid, stearic acid, etc., and 
calcium and magnesium salts of those organic acids are 
precipitated. These insoluble compounds of calcium and 
magnesium form a scum on the surface of water when hard 
water is treated with soap and no soap is available for cleansing 
purpose till all the calcium and magnesium salts are removed 
by precipitation. Thus much soap is wasted. 

(ii) Kain water belongs to the category of soft water. • This 
is because of the fact that it is nothing but a kind of naturally 
distilled water and therefore contains no dissolved calcium or 
magnesium salts. 

(b) Sea water belongs to the category of hard water. This is 

because of the fact that along with sodium chloride, it contains 
soluble calcium and magnesium salts, especially chlorides and 
sulphates, washed down by rivers into the seas. Sea water 
contains 3*6% of total solids by weight of which 2*6% is sodium 
chloride and the rest other salts. * 

(c) Water, derived from clear ice produced by partially 
freezing sea water, belongs to the category of soft water. 
Although sea water is hard as stated in (b), when it is partially 
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-frozen, pure water is converted into ice first : water derived by 
melting that ice, therefore, contains practically no dissolved salt 
and hence it are soft. 

The disadvantages of hard water are : 

(X) * Hardness of water makes its unsuitable for washing pur¬ 
pose for the reasons 'stated above, as much soap and sodium 
carbonate are consumed. 

(2) Hard water cannot be used in boilers as boilerfeed water. 
This is because by evaporation of such water calcium and mag¬ 
nesium salts are deposited on the inner surfaces of the boilers 
producing what are known as boiler-scales and ‘furs’ ; theieby 
much fuel is wasted to heat the water used in boilers and the 
deposit also damages the boiler-plates. Not only the use of hard 
water suffers from the disadvantage mentioned, but also, when 
MgOla is present in hard water, HCl is evolved during boiling 
of such water and corrodes the boiler-plates. 

MgCla + H.,0 - MgO + 2HC1. 

(3) Hardness of water makes it unsuitable for use in the 
laboratory for purposes which require the use of distilled water, 
vis., development of photographic plates, chemical analysis, etc. 

Methods for removing hardness of loater, 

{a) Temporary hardness can bo removed by boiling when 
the soluble bi-carbonates of calcium and magnesium are con¬ 
verted into soluble calcium or magnesium carbonates. On 
keeping, these settle down at the bottom of the vessel in which 
the water is boiled and the sample of water taken off from the 
top is soft. 

CaH2(C03)2 -CaCOg+HsO + CO, 

(Sol.) (insol.) 

MgH«(C 03 ), -MgCOn -t-HaO + COo. 

(Sol.) (insol.) 

Temporary hardness can also be removed by Clark’s process. 
In this process the requisite amount of lime in the form of 
lime-water or milk-of-lime is added to the temporarily hard 
water when soluble bi-carbonate of Ca and Mg are converted 
into insoluble carbonates. 

Cano(C 03)2 +0a(OH)2 * 2 CaC 03 + 2 H 2 O. 

* In the case of the hardness being due to magnesium bicar- 
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bonate, twice the quantity of lime muat be added, 9inoe 
slum carbonate is soluble in water to a certain extent, wHlt^t 
the hydroxide of magnesium is much less soluble. 

MgH 2 (C 03 )a + 2Ca(0H)a «Mg(On )2 +2Ca008 tSfiaO. 

S ‘ / 

Permanent hardness cannot he removed either by boiling or 
by Clark’s process. This kind of hardness is removed by the 
addition of sodium carbonate (washing soda) when the soluble 
sulphates and chlorides of Ca and Mg present in permanently 
hard water are converted into the insoluble carbonates of Ca 
and Mg. 

CaCl, +Nn,aCO« “CaOOs + 2Na01 
MgSOi+NaaOOs “MgCOa H-NsaSO*. 

The modern Permutit Process .—The most modern method for 
the removal of hardness, both temporary and permanent, is 
known as Gan's Permutit Process. In this process, bodies, called 
permutits, which are mixtures of aluminium silicate, sodium 
silicate, etc., are employed. These silicate mixtures are called 
permutits because these have the capacity of exchanging bases. 

The method depends upon the fact that if hard water be 
filtered through a bed of permutit, the sodium salt present in it 
will react with soluble calcium and magnesium salts present in 
hard water, producing insoluble calcium and magnesium per¬ 
mutit and the filtrate, being altogether free from Ca and Mg- 
salts, is soft. 

Sodium permutit + Ca-salt = Calcium permutit + Na-salt. 
When the permutit bed, due to long use, is exhausted, it is 
reactivated by stopping the flow of hard water and passing a 
solution of common salt, NaOl, over the bed, when Na-permutit 
is regenerated according to the equation, 

Ca-permutit + NaCl->Na*permutit + CaCla 

Mg-permutit + Na01->Na-permutit + MgGl^. 

Thus permutit can be regenerated awd used over and over 
again. 

Q. 4. Describe how fluorine loas isolated ^atnd give a neat 
outline of the apparatus used* Describe its properties and com 2 )are 
them with those of chlmine. 

Why was it not found possible to isolate fluorine by a method 
similar to that employed for chlorine ? 
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. Ana. Proparations of Fluorine by Moissan’s method. —Flourine 
is preparated by the electrolysis of a solution of potassium hydro¬ 
gen fluoride, KF, HF, in anhydrous hydro-fluoric acid, HF. The 
apparatus consists of a CT-tube made of an alloy of Platinum- 
Iridum provided with two side-tubes and is fitted with 
fluorspar stoppers. Two electrodes made also of Platinum- 
Iridium alloy and thickened at the bottom pass through these 
fluorspar stoppers. The whole apparatus is kept immersed in a 
bath of boiling methyl chloride at about ~ 28®C. The CT-tube is 
|rd filled up with the electrolyte, a solution of KF, HF in 
anhydrous HF. On passing the current through the eletrolyte 
HF undergoes decomposition, Hg being liberated at tho cathode 
and Fluorine at the anode. The Fluorine is led through a spiral 
of Pt kept immersed in boiling methyl chloride to remove any 
HF vapour by condensation. The gas is next passed through a 
tube of Pt packed with NaF which removes the last trace of 
HF. Fluorine is collected in a Pt-vessel by the ui)ward 
displacement of air. 



Com'pdrison of Fluorine^ Chlorine^ Bromine and Iodine .—(Points 
of comparison between Fa and Cl a can be gathered from the gene¬ 
ral comparison of halogens given.) The physical properties of 
these elements exhibit a regular gradation with increasing atomic 
weight. Thus Fluorine and Chlorine are gasses, Bromine is 
liquid, while Iodine is solid at ordinary temperatures. Fluorine 
is faintly greenish-yellow in colour, Chlorine is greenish-yellow, 
Bromine vapour is brownish*red and Iodine vapour is violet. 
Thus the colour deepens with increasing atomic weight. About 
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solubility of these elements in water Fluorine decomposes watw':/ 
and so its solubility is not known, Chlorine is fairly soluble, the 
solubility of Bromine is greater than that of Chlorine whereas 
Iodine is very slightly soluble. 

In their chemical activity they also show the same gradual 
change ; thus, in the case of their combination with Hydrogen, 
when Fluorine and Hydrogen are brought together, combination 
instantly takes place with explosion, even in the dark. Chlorine 
and Hydrogen do not combine in the dark, but in diffused day¬ 
light they combine slowly, and in direct sunlight the combina¬ 
tion takes place suddenly with explosion. Bromine vapour and 
Hydrogen do not combine even in direct sunlight, a mixture 
of the two gases combines when heated, yielding HBr, while 
Iodine vapour and Hydrogen require to be strongly heated 
in contact with spongy Pt to effect their combination. Fluorine 
decomposes water at the ordinary temp., giving off ozonised 
Oxygen, whereas Chlorine decomposes water when Cl 2 —water 
is kept exposed to sunlight, Bromine slowly decomposes 
water when Br.j—water is kept exposed to sunlight and Iodine 
has no action on water. About bleaching properties, Fluorine 
decomposes the vegetable colouring matter. Chlorine readily 
bleaches, Bromine bleaches slowly whereas Iodine has very slight 
bleaching properties. About their chemical activities. Fluorine 
is the most active of them all and can liberate Cl 2 , Bra and I 3 
from Chlorides, Bromides and Iodides ; Chlorine is less active 
than Fluorine and can liberate Brg and Tg from Bromides and 
Iodides ; Bromine is less active than Chlorine and can liberate 
only Iodine from Iodides, whereas Iodine is the least active of 
them all. One definite oxide, F 2 O is known in the case of 
Fluorine, Chlorine forms several unstable oxides by indirect 
combination, unstable oxides are known in the case of Bromine 
whereas several stable oxides are known in the case of Iodine. 
Here the gradation is not very marked. Beactions of these 
elements with starch solution is characteristic ; Fluorine attacks 
water of the starch solution. Chlorine has no action, Bromine 
colours the starch solution yellow and Iodine gives a blue 
coloration with starch solution. 

Although a strong resemblance exists between all the mem¬ 
bers of the halogen family, the element Fluorine, which is the 
typical member, stands marked off from the others in many of 
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•ii^‘ attributes. Thus Fluorine exhibits a great tendency to form 
double salts which have no counterpart among the compounds 
of the other elements of the family, and at temperatures below 
32®C. the molecule of hydro-fluoric acid consists of two atoms 
of hydrogen and two of fluorine, having the composition H 2 F 2 . 
Among the compounds of Fluorine also this diiference in be¬ 
haviour is very marked. Thus, Silver fluoride is soluble in water, 
whereas Silver chloride, bronaide and iodide are all insoluble. 
Calcium fluoride is insoluble in water where as other Calcium 
halides are extremely soluble in water. 

Properties of Fluorine ,—Fluorine is a pale greenish-yellow 
gas, paler and more yellow in colour than Chlorine. It has a 
characteristic irritating smell, and attacks the mucous mem¬ 
branes of nose and throat. It is heavier than air. 

Its afiSnity for hydrogen is greater than that of chlorine. The 
two gases combine even in the dark at the ordinary temperature 
(or even at low temperatures) with explosive violence. Ho +F 2 = 
2HF. It also combines with hydrogen present in other hydro¬ 
gen compounds. When passed into water, fluorine immediately 
reacts with hydrogen of water forming HF and liberating a 
mixture of oxygen and ozone. 

2F2-H2H20 = 4HF + 02 

SFa + SHgO-GHF-i-Os. 

Fluorine reacts with nearly all elements with tlie exception 
of Nitrogen, Helium, Argon, etc. Fluorine is the most active of 
all the halogens, and as such is capable of liberating Cl 2 , Br 2 
and I 2 from their respective compounds : 

2KC1 + F2=2KF + Cl2. 

Sulphur, iodine, bromine, arsenic, crystalline silicon, boron 
and powdered charcoal become incandescent when brought into 
contact with Fluorine and combine with it. Sodium, potassium, 
calcium, etc., take fire in the gas spontaneously. Magnesium, 
aluminium, silver, etc,, required warming for the reaction to set in 
and then take fire and burn in the gas. Lead is slowly attacked at 
the ordinary temperature and copper becomes coated with a pro¬ 
tective layer of fluoride when brought in contact with Fluorine. 

Fluorine reacts with 2% NaOH solution forming fluorine 
monoxide ; 

2NaOH + 2 F 2 = 2NaF + F 2 O + H 2 O. 

Fluorine cannot be isolated by a method similar to that 
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employed for* Chlorine, mz,t oxidation of its bydracid, HOI, eithbr 
by Mn02 or by other oxidising agents or by electrolysis of HCl 
or of fused chlorides or solution of soluble chlorides, for the 
following reasons — 

(1) Fluorine is the most active electro-negative element'and 
combine with all metals and almost all non-metals. There^re, 
even though oxidation by oxidising agents of hydrogen fluoride 
might liberate Fluorine, that Fluorine will attack the elements of 
the oxidising agents, Mn etc., and combine with them. 


(2) Moreover, Fluorine has the most strong affinity for 
hydrogen and as such splitting up of HF into its elements 
during oxidation is not possible. Even though such splitting be 
assumed,—water, formed by oxidation of hydrogen, will at once 
be attacked by liberated Fluorine and HF will be produced. 

(3) For the same reasoning as in (l), the electrolysis of 
metallic fluorides cannot yield free Fluorine. 

(4) Anhydrous HF is a non-conductor of electricity. Aqueous 


HF, when electrolysed, yields hydrogen at the 
cathode and oxygen at the anode. So no Fluorine 
can be obtained by this method. 

No suitable vessel can be found easily for the pre¬ 
paration of Fluorine by the methods used for getting 
chlorine. 

Q. 5. Hoio ivould you determine the volumetric 
composition of ammonia and deduce its fm’mula there- 
from ? 

Describe the action of ammonia gas on (a) heated 
sodium^ (b) solution of mercuric chloride, (c) pri cipi- 
tated silver chloride suspended in water. Give 
equations, 

Ans, The composition of ammonia is determined 
by Hoffmann’s method. 

The fact that ammonia is decomposed by chlorine 
producing N 2 and forming NH^Cl is taken advantage 
of in this method to show the volumetric composi¬ 
tion of Ammonia. * 

A long glass tube fitted with a stop-cock at one 
end and a small dropping funnel at the other, is 
marked off into three equal divisions by India- 
rubber rings (Fig* 2). The tube is completely 
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filled np with chlorine gaSt A strong solution of ammonia is 
admitted into the tube drop by drop from the funnel until the 
reaction between the chlorine and ammonia ceases. Chlorine 
combines with the hydrogen of ammonia giving HCl and nitro¬ 
gen is set free. HCl' now reacts with excess of ammonia 
producing white fumes of NH 4 CI. 

8 NH 3 + 3 CI 2 - 6 NH 4 CI + N 2 . 

When an excess of ammonia has been added to ensure its 
complete conversion into NH 4 01 and Ng, the excess of ammonia 
is neutralised by adding dilute H 2 SO 4 in excess. The stop-cock 
of the dropping-funnel is now turned off, and the tube is placed 
in a tall jar containing water. The bottom stop-cock is now 
opened, when water rushes up and fills the tube nearly ui)to the 
second mark from the bottom. The level of water inside and 
outside the tube is now made the same, when the residual gas 
is found to occupy one-third of the vol. of chlorine taken. That 
the residual gas in nitrogen is proved by the facts that it is 
inert, does not readily combine with other elements and it 
is absorbed by strongly heated Magnesium. 

We know that Hydrogen and Chlorine combine in equal 
volumes to form HCl gas. Therefore, 3 vols. of Chlorine taken 
in the tube, must have combined with 3 vols. of Hydrogen. 
These 3 vols. of Hydrogen must have come from Ammonia 
gas, which has simultenaeously liberated 1 vol. of Nitrogen. 
Thus, ammonia is made up of one volume of Nitrogen combined 
with three volumes of Hydrogen. 

Let 1 vol. of Nitrogen contain “n” number of molecules 
molecules of Nitrogen combine with “ 3 w” molecules of 
Hydrogen to form Ammonia (Avogadro) or 1 molecule of Nitro¬ 
gen combines with 3 molecules of Hydrogen to form Ammonia. 

But both Nitrogen and Hydrogen molecules are diatomic, 
.*.2 atoms of Nitrogen combine with 6 atoms of Hydrogen to 
give Ammonia. 

No. of atoms of Nitr og en p res ent in A mmonia 2 _ 1^ 

No. of atoms of Hydrogen present in Ammonia 6 3 

* Hence the formula for Ammonia is (NHs)®. Now the density 
of .Ammonia determined experimentally is 8*5. .*. the molecular 

wt. of Ammonia is 17. This tallies with the formula NH3. Hence 
the molecular formula for Ammonia is NH3, x being equal to 1. 
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(а) When Ammonia gas is passed over heated metallic 8od,ir, 

um, sodamide is formed and Hydrogen is liberated : ' 

2Na + 2 NH 3 « 2NaNH, + H 2 
Sodamide. 

(б) When Ammonia gas is passed into a solution o^-,t&r- 
curie chloride, a white precipitate of amido-mercuric chforide, 
NHaHgOl.is formed and hydrochloric acid is produced in solu¬ 
tion. The.white pecipitate is known as infusible white precipitate* 

HgOla + NHa = NHaHgCl + HCl 

infusible white ppt. 

On passing Ammonia gas through silver chloride suspen¬ 
ded in water, silver chloride passes into solution forming silver 
ammine chloride, Ag(NH<t) 201 . 

AgOl + 2NH, = [Ag(NH3)2]Cl. 

Q. 6. Explain and ilhutrate each of the follotving :— 

(a) Catalytic agent, (6) Oxidation and reduetionj (c) chemical 
changes by silent electric discharge. 

Aus. (a) Catalytic agent .—When a substance, by its mere 
presence, in small quantities, indiieiices the rate of a chemical 
reaction, without itself undergoing any change in mass and in 
chemical composition, it is called a catalytic agent. 

Thus, in the preparation of oxygen from KOIO 3 , MnOg is 
added to hasten the rate of decomposition of KGlOa by heat> 
Here, MnO^ acts as a catalytic agent, because it does not 
undergo any alteration in mass or in chemical composition during 
the reaction as shown by experiments after the decomposicion of 
KOlOi is complete by dissolving out the KCl formed by water. 

(b) Oxidation implies addition of oxygen or any electro¬ 
negative element to an element or a compound, as also removal 
of hydrogen or any electro-positive element from a compound. 

Reduction implies the reverse operation of oxidation ; thus 
addition of hydrogen or of any electro-positive element to an 
element or a compound as also the removal of oxygen or of any 
electro-negative element from a compound, are termed reduction. 

Thus, when sulphur is burnt in oxygen, it combines with 
oxygen, giving sulphur dioxide and so sulphur is oxidised. 

S + Oa^SO*. 


2 
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. When iron is heated in a stream of chlorine gas, it combines 
with chlorine giving ferric chloride ; thus iron is oxidised. 

2Pe + 30l3*=2FeCl8. 

When hydrochloric acid is heated with manganese dioxide, it 
gives rise to chlorine gas by loss of hydrogen ; so hydrochloric 
acid is oxidised : 

4 HOH-MnOa = MnCl2+Ol2 + 2H20. 

When potassium iodide is treated with hydrogen peroxide, 
iodine is Liberated ; thus potassium iodide is oxidised to iodine 
by loss of potassium, an electro-positive element: 

2 KI + Ha02-2 KOH+Ia. 

Similarly, when hydrogen gas is passed over heated copper 
oxide, it is reduced to metallic copper (removal of oxygen) : 

' CuO“i" Ha “ Cu + H 2 O, 

When sulphuretted hydrogen is passed into iodine suspended 
in water, iodine is reduced to hydriodic acid (addition of 
hydrogen) ; 

H2S + l2=2HI + S. 

When ferric chloride solution is treated with zinc and hydro¬ 
chloric acid, it is converted into ferrous chloride (loss of an 
electro-negative element chlorine) by reduction with nascent 
hydrogen : 

FeCl8-l-H = FeCla+HCl 

When metallic sodium is heated in a current of chlorine, sodi¬ 
um chloride is formed by reduction of chlorine (addition of an 
electro-positive element) : 

2Na + Cla = 2NaCl. 

Among inorganic compounds, oxidation usually denotes an 
increase in the positive valency of an element, e,g, when ferrous 
chloride is oxidised to ferric chloride, the valency of iron 
increases from -1-2 to + 3 ; when stannous chloride is oxidised to 
stannic chloride, the valency of tin increases from-I-2 to+ 4. 

From ionic standpoint, if we take into consideration the 
reaction 

2FeCl3 +SnCl 2 “SnCl* -l-2FeCl». 
it can be represented as 

2Fe*++ + Sn++ = Sn++*+ -1- 2Fe++. 
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Here it is evident that stannous ion is oxidised by the loss of 
two electrons which have passed to the ferric ions, reducing 
them to the ferrous state. 

Hence; oxidation may be defined as the operation in which 
there is loss of electron and reduction as the operation in which 
there is gain in electron. 

Moreover, it must also be observed that oxidation and 
reduction take place simultaneously. Whenever a substance 
is oxidised, another one is reduced. Thus when stannous 
chloride solution is added to a solution of mercuric chloride, a 
white precipitate of mercurous chloride is produced. Here 
mercuric chloride is reduced to mercurous chloride, but at the 
sametime stannous chloride is oxidised to stannic chloride. 

2HgCl2 + SnCla - HgaCU + SnOU- 

(c) When the terminals of an induction coil are connected 
with two metallic conducting surfaces, separated by a suitable 
distance, and the induction coil is worked, a silent electric 
discharge occurs, without the appearance of any spark. This 
silent electric discharge has the property of bringing about cer¬ 
tain chemical changes in substances placed in its sphere of 
action. 

For example, ozone mixed with oxygen is obtained by passing 
dry oxygen through the annular space of two coaxial glass tubes, 
the inner surface of the inner tube and the outer surface of the 
outer tube being lined with tin-foils, which in their turn are 
connected with the terminals of an induction coil in opqiration 
when a silent electric discharge passes through the annular space. 
Chemical change occurs and conversion of dry oxygen into ozone 
takes place. 

30 a *** 203. 

Q. 7. How could you obtain : 

(a) Sulphur and hydrogen from sulphuretted hydrogen ; 

{jb) Leady nitrogen and oxygen from lead nitrate ; 

(c) Potassiumt chlorine and oxygen from potassium chlorate t 

Ans, When sulphuretted hydrogen taken in a closed 
tube is subjected to the action of electric sparks, it is decomposed 
into hydrogen and su n^ur. Sulphur i s d^pg^j^^jn the solid state 
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and hydrogen gas remains in the tube and so the two elements 
present in sulphuretted hydrogen can be obtained separately. 

HgS^Hg + S. 

Again, when sulphuretted hydrogen is passed into bromine- 
water, sulphur is deposited in the solid state. The solution is 
boiled and filtered when sulphur remains on the filter-paper. 
Thus, sulphur can be obtained from sulphuretted hydrogen. 

H 28 + Br2=2HBr + S. 

Also, by heating a piece of metallic tin in sulphuretted 
hydrogen, hydrogen can be obtained as a gaseous residue. 

H2S + Sn = SnS + H2. 

(&) Powdered lead nitrate is to be taken in a hard glass test- 
tube fitted with a cork through which passes a delivery tube. 
The delivery tube is connected to one limb of a CZ-tube immersed 

in freezing mixture. The other 
limb of the CT'-tube is connected 
with a delivery tube dipped under 
water in a pneumatic trough (not 
shown in the figure), over which 
a gas-jar full of water is inverted. 

The hard glass test-tube con¬ 
taining lead nitrate is next heated 
when lead nitrate decomposes 
into lead oxide (left as a yellow 
residue in the test-tube), nitrogen 
peroxide (which collects as a yellow liquid in the JJ-tube kept 
immersed in freezing mixture), and oxygen (which collects in the 
gas*jar by displacement of water). 

2Pb(N03)2 “2PbO 4- 4NOc + Og. 

The gas collected in the gas-jar rekindles a glowing chip of 
wood, produces brown fumes with nitric oxide and is completely 
absorbed by alkaline pyrogallate. Thus, the gas is proved to be 
nothing but oxygen. 

Kext, the liquid nitrogen peroxide is taken out from the 
U-tube and is vapourised by heating and the gas is passed 
through a hard glass tube packed with copper turnings heated 
to redness. The issuing gas from the hot tube is collected by 
suitable arrangement in a gas-jar by displacement of water. The 



Fig. 3 
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gas is found to be inert, a non-supporter of eombustion, incapa¬ 
ble of turning lime-water milky and to be absorbed by heated 
magnesium. This proves the gas to be nitrogen. 

^ 2 NO 2 +4Cu=*4CuO + N2. 

•'"^he yellow residue left in the hard glass test-tube is then 
taken out, mixed with sodium carbonate, taken on a charcoal 
groove and heated in the reducing blow-pipe flame. A bright 
malleable metallic bead is obtained. The bead marks paper. 
This bead is then dissolved in nitric acid, the acid is neutralised 
and potassium chromate solution is added, when a yellow pre¬ 
cipitate is formed, proving the bead to be of lead. 

PbO + 2C«Pb+2CO; 

Pb + 4HNO3 = PblNOg)* + 2H2O + 2NO2. 

Pb(N03)a +K2Cr04 “PbCrO* + 2KNOa. 

Yellow ppt. 

(c) Potassium chlorate is taken in a hard glass test-tube 
fitted with a cork and a delivery tube. The delivery tube is 
dipped under water in a pneumatic trough, over which a gas-jar 
full of water is inverted. The hard glass test-tube is next heated 
when a gas is evolved and is collected in the gas-jar by displace¬ 
ment of water. A white solid residue is left in the test-tube. 

2KC103=2KC1 + 302. 

The gas collected in the gas-jar is found to be capable of 
rekindling a glowing chip of wood, of producing brown fumes 
with nitric oxide and to be absorbed completely by alkaline 
pyrogallate, proving it to be nothing but oxygen. 

The residue in the hard glass test-tube is divided into two 
portions. 

(t) One ]mrt is mixed with Mn02 and concentrated sulphu¬ 
ric acid and heated in a flask provided with a cork and a delivery 
tube. The greenish-yellow gas evolved is collected by upward 
displacement of air. 

2K01 + 3HaS04 + MnOa = 2KHSO4 + M4S04 

+ OI 2 + 2 H 2 O. 

That the gas is chlorine is proved by its greenish-yellow 
colour, pungent odour like that of bleaching powder and its 
capacity to turn starch-iodide paper blue. 
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(ii) The other part of potassium chloride is first purified by 
recrystallisatioh and then fused in an iron vessel and is electro¬ 
lysed iLS in Down’s process for extraction of sodium. Potassium is \ 
liberated at the cathode and chlorine gas at the anode. Potassium 
is protected from the action of chlorine and is collected as uspal. 

That the metal collecting is potassium is proved by determi¬ 
ning its sp. gr. (0*86), its molting point (62‘*0.) and its property 
of imparting a violet colour to the non-Iuminous Bunsen flame 
(the flame appearing red when viewed through double-blue glass) 
when it is treated with HCl and held in a Pt. wire in the non- 
luminous flame. 

Q. 8. Name the important ores of copper. Describe the method 
of extract ini] copper from its sulphide ores giving equations for the 
reactions that, occur. How is the crude metal refined ? 

Name hvo important alloys of the ^netal with ilieiv constiimnts. 
State the of the metal and the alloys. 

Alls. The important ores of copper are : 

(1) Buby ore, red copper ore or cuprite, CugO. 

(2) Copper glance, CugS. 

(3) Covellite or indigo copper, CuS. 

(4) Copi)er pyrites, GuoS, FegSs or CuFeSg. 

(5) Purple copper ore, SCugS, FogSs or CugFeSg. 

(6) Malachite, CuCOa, Cu(OH)g. 

(7) Azurite, 2CuCO^, Ou(OH) 2 . 

Extrachon of coppei'from its sulphide ores :—Copper pyrites 
is generally used for extraction of copper by a Thermal process. 

At first the ore is concentrated either by gravity separation 
or by Floatation i)rocess. For this purpose the ore is first 
crushed and finely powdered. The powdered ore is next churned 
with water containing a little pine oil and lime, by blowing air 
through it. By this operation a froth is produced, which carries 
up along with it the particles of copper ore, it being preferen¬ 
tially wetted by oil i sand and other impurities are left in the 
bottom of the vessel, these being preferentially wetted by water. 
The froth is collected by skimming and allowed to settle. 

The concentrated ore is next roasted in a multiple hearth 
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farnaoe, whereby sulphur present in the ore is partially burnt 
out, forming SOa and the metals are partially oxidised. 

Cu 2 S.Fe 2 S 8 +08 *= 0 uaS + 2 FeS + S 03 
CugS.FeaSs +40a ®^Cu2S + 2FeO +SSOa 
20u2S + 30a “ 2 CU 2 O + 2 SO 2 . , 

This* last reaction occurs only to a very small extent. The 
roasted ore is next mixed with coke, sand (or slag from subse¬ 
quent operations) and a little quantity of lime and the mixture 
heated in a water-jacketed blast furnace when a little quantity 
of GuaO formed in the previous operation reacts with iron 
sulphide giving CuaS and FeO. 

OuaO + FeS = OuaS + FeO, 

The ferrous oxide so formed and also produced in the previous 
operation reacts with sand or silica, giving a slag of ferrous 
silicate, FeO + SiOg “FeSiOs. The slag is removed and the 
residue obtained of cuprous and ferrous sulphides is known as 
matte. The molten matte is then directly run into a Bessemer 
converter with a little silica and a blast of air is introduced 
through tuyeres placed at the sides. Iron is first oxidised to FeO 
which combines with silica forming a slag of ferrous silicate as 
before. The slag is removed and the blast continued. CuaS is 
then partially oxidised to OU 3 O and this CuaO reacts with 
unchanged CuaS to form copper and SO 2 . The slag is removed, 
the blast stopped and the converter tilted to pour ofif Cu. This 
copper has a blistered appearance due to escape of SO 3 . 

20u a S + 30 2 =* 2Cu o 0 + 2S0a 

CuaS + 2 GU 2 O 6 Gu + SO 2 . 

Thermal Befinmg :— 

Blistered copper is then melted on the hearth of a reverbera¬ 
tory furnace when the impurities are oxidised. Some escape as 
gas, others form slag with the furnace lining of silica, which is 
removed. Next the metal begins to oxidise. Anthracite coal 
is then sprinkled on the molten mass and the mass is stirred 
with logs of green wood. When the copper attains the 
requisite tough-pitch, it is poured out. 

Electrolytic refining of commercial metal ;— 

Thick sheets of impure metallic copper are suspended from 
a metal rod which is the anode in a bath of GuSOa solution 
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acidified with dil. n 2 S 04 taken in an wooden vessel lined with 
lead. Thin plates of pure copper are suspended from another 
metal rod which is made the cathode and are inserted alter¬ 
nately between the thick sheets. A little HCl is added to the 
bath to precipitate out any silver present in the impure copper 
sheets. On passing Electric current through the bath of copper 
sulphate, the thick sheets gradually pass into solution and pore 
copper is deposited on thin plates. Impurities either pass into 
solution or are deposited at the bottom of the bath. Copper, thus 
obtained at the cathode, is 99*99 per cent pure. 

The two important alloys of copper are. 

(i) Brasst an alloy of copper and zinc and (2) Bronze, an 
alloy of copper and tin. 

Uses of copper —Copper is used largly in electric industry, 
in electrotypiug, for cables and wires conveying electric current ; 
in the preparation of household untensils, for coinage and 
for the preparation of alloys, like brass, bronze, german silver, 
etc. Brass is used for preparing household utensils. Bronze 
is used in coinage and for making medals, statues, etc. 


SECOND PAPER—1941 


Q. 1. 40 cx. of oxygen meaiured at N.T.P, were contained 
in a tube of cross-section of V2 sq. cm. The upper end of the tube 
was sealed and it stood on a trough of mercury, the level of 
mercury %nside the tube being at a height of 15'6 cm. The tempe¬ 
rature of the room was 31^C> and the atmospheric pressure was 756 
mm. of mercury. Calculate the length of the gas inside the tube, 

Ans, Let V c.c. be the volume of the quantity of oxygen 
under the conditions existing inside the tube. Now 16*6 cm. =*166 
mm. and therefore the pressure to which the oxygen is subjected 
is (756 - 166) mm. = 600 mm. The temperature of the oxygen 
present in the tube = (273 +31)* Absolute = 304® Absolute. 

Then by Boyles* and Charles* laws, we have 


4^x 760 ^ 7x 600 , 

273""'"" '273 + 31 

1 rr 40 X 760 X 304 

whence, 1 273 


= 66*42 c.c. 
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But the cross'seotion of the tabe was 1*2 sq. cm. Jjet I cm. 
the the length of the tube occupied by this volume of oxygen. 

Then r2xZ = 66*42. 

56*42 . , , 

whence ^r—cm. = 47*02 cm. (approx^ 


Q* 2. Explain the meaning of the terms ^equivalent weight* 
and ‘atomic weight*. How are they related to each other ? 

Describe a method for the determination of the equivalent weight 
of copper or potassium. 

Equivalent weight of an element is that weight of it which 
•can combine with or displace 1 part by weight of hydrogen or 
8 parts by weight of oxygen or 36*6 parts by weight of chlorine., 
etc. Thus, equivalent weight of an element 

Weight of the element 
Weight of hydrogen, combined 
with or displaced by the weight of the element taken. 

Thus the equivalent weight is a mere number. Gramr 
equivalent of an element is its equivalent weight expressed in 
grams. It is known from experiment that 36*6 grams of chlorine 
combine with one gram of hydrogen. Therefore 36*6 is the equi¬ 
valent weight of chlorine. 

The atomic weight of an element expresses how many times 
an atom of an element is heavier than an atom of hydrogen. 
Thus, 

Atomic weight of an element * 

Weig ht of one atom of the element 
Weight of one atom of hydrogen 

Hence it is also a mere number. Gram-atom of an element is 
the atomic weight of the element expressed in grams. 

Also the atomic weight of an element is the smallest weight 
of it ever found in the molecular weights of its compounds. 

Thus, 14 is' the atomic weight of nitrogen, and all compounds 
of nitrogen, in their molecules, contain at least 14 parts by 
weight of nitrogen, or some multiples of 14 parts by weight of 
nitrogen. Also atom of nitrogen is 14 times heavier than an 
atom of hydrogen, 
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Now, the relationship between equivalent weight and atomic 
weight of an element is expressed as : Equivalent weight x 
valency Atomic weight. 

The equivalent weight of copper is determined by the following 
experiment : 

A porcelain crucible with its lid is taken. It is thoroughly 
cleansed, dried, heated on a clay-pipe triangle for about half an 
hour, cooled in a desiccator and weighed in a chemical balance. 
Heating, cooling and weighing is continued till the weight of the 
crucible with lid becomes constant. Next a little amount of pure 
copper wire is taken in the crucible and after placing the lid 
in position, the crucible with its contents is weighed again in 
the chemical balance. The difference in the two weighings will 
give the weight of coijper taken. Now the crucible is placed on 
an asbestos board, the lid is pushed aside a little and cone, 
nitric acid is added to copper wire drop by drop till the metal 
is completely dissolved. The crucible is to be kept nearly 
covered during the reaction. The crucible is next placed 
on a water-bath after pushing the lid aside and the solution is 
evaporated slowly, taking care that there is no loss of solution 
by spurting. The green residue left in the crucible is of copper 
nitrate. Next the crucible is strongly heated over a Bunsen 
flame by placing it on a clay-pipe triangle with the lid pushed 
aside a little at first and then covered completely till the copper 
nitrate is completely converted into black copper oxide. The 
crucible with the lid is then cooled in a desiccator and ^weighed 
again. The process of heating, cooling in a desiccator and 
weighing is continued till the final weight is constant. 

Ou + 4 HNO 3 = Ou(NOh ) 2 + 2 H 2 O + 2 NO 2 . 

2Gu(N 03)2 = 20u0 + 4 NO 3 + O 2 . 

Calculations ;— 

Let the weight of the crucible and lid=Wi grams. 

The weight of the crucible and lid + copper “ica grams. 

Wt. of copper taken ’-Wi) grams. 

* Last weight of the crucible and lid + copper oxide “ grams. 

Wt. of oxygen combined with the given weight of 
copper (tf ;3 -w^) grams. Thus (^3 -"W^ grams of oxygen has 
combined with (wg “ grams of copper to form copper oxide. 
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Therefore 8 grams of oxygen will combine with 

— 2 ]— ^ o grams of copper.- 
Hence, by definition, the equivalent weight of copper 

^ 8 . 

Equivalent weight of Potassium: 


A weighed quantity of pure re-crystallised potassium chloride 
is taken in a beaker and is than dissolved completely in distilled 
water. The solution is next made slightly acidic with dilute 
nitric acid. Then silver nitrate solution is slowly added with 
constant stirring until the precipitated silver chloride coagulates 
and settles at the bottom. A few drops more of silver nitrate 
solution is then added to see that the precipitation is complete 
and no more turbidity appears where the two solutions meet, 
KCl + AgNO^ = AgOl + KNOa. 

The liquid is then heated and filtered through a Gooch 
crucible, previously prepared and weighed to a constant weight. 
The precipitate is thoroughly washed with distilled water to 
free it from adhering silver nitrate and potassium nitrate. Then 
the Gooch crucible is dried in an air-oven, cooled in a desiccator 
and weighed. Heating in an air*oven, cooling in a desiccator 
and weighing is continued till the final weight is constant. 
The difference between the two weighings of the Gooch crucible 
will give the weight of AgCl produced from a known weight 
of KCl. 

Calculation : 


Let the weight of KCl taken ~ lo-i gms. 
and the weight of AgCl formed = 2 t »2 gms. 


Now, in (108 + 36’5) or 143*5 parts by weight of AgCl, 
there are 36*5 parts by weight of chlorine. 

Wz ^ 36*6 

in gms. of AgCl, we have ' 143 * 5 '~ chlorine. 

And this amount of chlorine has come from gms. of KCl. 


Hence the weight of K present in gms. of KOI —Wi" 


X 35‘6 

gms., say. 
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W 2 X 36*6 

Then, chlorine has combined with gms. 


of K. 

35*5 gms. of chlorine can combine with 
36 5 gms.-gm8. of K. 

143*5 


Hence, by definition, the equivalent weight of potassium 
Wn X 143*5 


Q. 3. A few grams of potassium got mixed up with mercury. 
The mixture was treated with water and the aqueous solution 
was then separated, warmed and alloiued to be mixed up with a 
stream of chlorine gas. When the solution was almost saturated 
with chlorine, a crystalline product, seperated out. This was 
filtered, dried and kept at about 300^*0, for some time. This was 
then crystallised from the hot toater. What is the final product ? 

Indicate with equations the difeixnt changes that had taken 
place. 

Ans. (a) When the i)ota8sium got mixed up with mercury, 
potassium amalgam was produced. This potassium amalgam 
may be a compound of potassium and mercury of the composi¬ 
tion KHg 2 , or simply it may be a solution of potassium in 
mercury. 

(b) When this potassium amalgam was treated with water, 
potassium reacted with water producing hydrogen and caustic 
potash, and mercury was set free. 

2K + 2H20-2K0rH-H2. 

(c) The aqueous solution containing this caustic potash, 
when warmed and nearly saturated with chlorine, gave the 
crystalline product potassium chlorate, KClOs and potassium 
chloride, KCl, also formed simultaneously} remained in solution. 

6KOH -I* 3 CI 2 “ KCIO3 + 6KC1 -*• SHsO. 

(d) When the crystals were collected and dried and kept an 
about 300*’G. for some time, no change occured and potassium 
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chlorate remained iu tact, (potassium chlorate fuses a^367*tf. 
and begins to decompose at 372°C. Under these conditions 
potassium perchlorate is formed along with potassium chloride. 
Some potassiuni perchlorate crystals also decompose giving a 
little oxygen and forming potassium chloride. 

4 KOIO 3 « 3 KOIO 4 + KOI • 

KC104=K01 + 202.) 

(e) The mass remaining after heating, when crystallised 
from hot water, gave crystals of potassium chlorate, KCIO3. 
Thus, the final product was potassium chlorate, KOIO3. [If, how¬ 
ever the temperature would have been raised to 880®0. and the 
crystals of potassium chlorate kept at the temperature for 
some time and then the residue crystallised from hot water, the 
final product obtained would have been crystals of potassium 
perchlorate, KCIO4.J 

Q. 4. Give a neat skef-ch of a reverberatory furance and 
describe a method for the extraction of lead by its vse. 

Write equations representing the changes involved, 

Ans. The important ores of lead are 

Galena—PbS 
Anglesite—PbSO ^ 

Oerussite—PbOO 3 . 



rig 4. 

Extraction :— 

Lead is very easily obtained from its ores. It is chiefly 
extracted from galena, PbS. Galena is roasted on the hearth of 
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4 reverberatory furnace (see Fig. 4) in presence of air, when 
it is partially oxidised to lead oxide and lead sulphate. * 

2PbS + 30a “ 2PbO + 2 SO 2 
PbS + 202 -PbS 0 ^. 

A little quicklime is then added to the roasted mass and the 
temperature of the furnace is then raised to bright redness. The 
oxide and sulphate of lead act upon the unchanged lead sulphide 
with the production of metallic lead. 

PbS + 2PbO = 3Pb + SO 2 
PbS + PbS04 = 2 Pb + 2 SO 2 . 

The lime forms a slag with the silica present in the ore. 

Q. 5. What in meant hy * hydride of an element' ? Write names 
of the simplest hydrides of nitrogen, carbon, oxygen and sulphur. 

Describe the usual method for the preparation of the simplest 
hydride of sulphur and enumerate the changes that occur when 
this is allowed to come in contact with (a) caustic soda solution, 
{b) ferric chloride solution, (c) bromine and (d) lead nitrate solution. 

Ans. The term ‘hydride’ of an element means a binary 
compound of hydrogen and the element. Thus, sodium hydride 
means a compound of sodium and hydrogen of the formula NaH. 

The simpest hydride of nitrogen is ammonia, NHs 

„ „ „ carbon is methane, CH 4 

M „ M oxygen is water, H 2 O 

,, „ „ sulphur is sulphuretted 

hydrogen,—H kS. 

• 

The usual nomenclature of the above compounds is not the 
hydride of the elements, but in case of carbon the hydrogen 
compound is called a hydrocarbon, in case of oxygen it is 
named an oxide and in case of sulphur it is a sulphide. 

Method of preparation of the simplest hydride of sulphur, 
viz., H 3 S, sulphuretted hydrogen :— 

Sulphuretted hydrogen is most conveniently prepared 
in the laboratory by the action of cold, dil. HOI or H 2 SO 4 upon 
ferrous sulphide. For small quantites, Woulfe’s bottle is 
used and for comparatively large quantities, Kipp’s apparatus 
, as employed. 

The ferrous sulphide, FeS, in broken fragments, is introduced 
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into the central globe of the Kipp's apparatus. The stop-cock 
is opened and dii. H 2 SO 4 is 
poured down the safety funnel 
at the top till the liquid fills 
the lowest globe and then rises 
into the central globe* Here 
the acid comes in contact with 
FeS : sulphuretted hydrogen is 
produced and escapes through 
the stop-cock. The gas is 
collected by upward displace- 
ment of air* 

FeS + H 2 SO 4 = FeSO* + H o S. 

When the gas is not requi¬ 
red, the stop-cock is closed ; 
the gas collects in the central 
globe, and the pressure of 
the gas forces the acid out of 
the central globe. The acid 
rises up the stem and goes to 
the topmost globe. Thus fur¬ 
ther reaction stops* When Fig. 6 

gas is required, the stop-cook is opened, H 2 S escapes, the acid 
comes down from the topmost globe and so the contact 
between FeS and H 2 SO 4 is brought about. Hence fresh quan- 
tites of HoS are evolved. 

(а) When sulphuretted hydrogen is passed into caustic soda 
■solution, at first sodium sulphide is formed in solution, so" long 
as caustic soda is in excess. 

2NaOH + H 2 S = NasS + 2 H 2 O. 

But when H 2 S is passed in excess, sodium hydrogen sulphide 
is formed in solution* 

NaOH + HaS^NaHS + HaO. 

With further excess of sulphuretted hydrogen, sodium poly¬ 
sulphides, NagSa;, are produced. , 

( б ) When sulphuretted hydrogen is allowed to come in 
contact with ferric chloride solution, ferric chloride is reduced to* 
ferrous chloride, and sulphur is precipitated. Hydrochloric acid 
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is also formed, which, along with ferrous chloride, remains in 
solution* 

2PeCla + HaS « 2Fe01a + 2HC1 + S. 

(c) When sulphuretted hydrogen is allowed to come in 
contact with bromine, hydrobromic acid is formed and the 
colour of bromine is discharged. Sulphur is also precipitated. 
Bromine oxidises suphuretted hydrogen to sulphur and is itself 
reduced to hydrobromic acid. Thus a turbid, colourless solution 
of HBr, containing precipitated sulphur, is obtained. 

HaS + Br2*=2HBr + S. 

{d) When sulphuretted hydrogen is allowed to come in 
contact with lead nitrate solution, a black precipitate of lead 
sulphide is formed along with nitric acid produced in solution. 
The nitric acid formed oxidises some HaS to S which is precipi¬ 
tated. 

PMNOa)^ + HaS = PbS + 2 HNO 3 . 

Q. 6. Name at least four important ores of copper and write 
their formula. 

Describe some method for preparing refined copper fronn any 
of its ores and discuss the changes involved in the process. 

Ans. Important ores of copper are - 

( 1 ) Ruby ore, Red copper ore or cuprite, Cu<20. 

( 2 ) Copper glance, CuaS. 

( 3 ) Oovellite or indigo copper, CuS. 

(4) Copper pyrites, OugS, FeaSs or CuFeSa. 

(5) Erythrite or purple copper ore, SCugS, FeaSa. 

(6) Malachite, CuCOs, Cu(OH) 2 . 

(7) Azurite, 2CuCOs, Cu(0H)2. 

Refined copper can be prepared either from its oxide or car¬ 
bonate ores as also from its sulphide ores. The method of 
preparation depends on the nature of the ore. In the cases of 
the oxide and carbonate ores of copper, the ore is first subjected 
to calcination, whereby cupric oxide is formed. 

CuCOs. Cu(OH )2 “ 2 CuO + CO 3 + HaO. 

2 CU 2 O + 02 = 40u0. 

The oxide of copper so formed is then mixed with anthracite 
or coke and a little sand (sand being added to act as a flux), and 
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the mixture is heated strongly in a blast furnace whereby the 
oxide is reduced to the metal, 

0u20 + 0 = 2Cu + C0 
. CuO + O-Cu + 00 
0 u 0 + 00 « 0 u + 00a. 

The flux combines with the impurities and form a fusible 
slag. The molten slag is run off and copper produced is taken 
out. Copper thus obtained is then refined by either the poling 
process or the electrolytic process described below. 

From its sulphide ore, viz. copper pyrites, copper is extracted 
by a thermal process described in the following :— 

At first the ore is concentrated either by gravity separation 
or by Floatation process. For this purpose the ore is first 
crushed and finely powdered. The powdered ore is next cliurhed 
with water containing a little pine oil, Xanthate and lime, by 
blowing air through the mixture. By this operation a froth is 
produced, which carries up along with it the particles of copper 
ore, these being preferentially wetted by oil, leaving sand and 
other impurities at the bottom, since they are preferentially 
wetted by water. The froth is collected by skimming and 
allowed to settle. 

The concentrated ore is next roasted in a multiple-hearth 
furnace, so that the ore gradually descends from hearth to 
hearth. By this operation some of the sulphur in the ore is 
burnt to sulphur dioxide, which escapes as gas, and the metals, 
viz., iron present in pyrites and copper are partially oxidised. 
Cu.S.FeaSs + O 2 =* CugS + 2FeS + SO 2 
CuaS.FeaSa + 40^ = CugS + 2 FeO + SSOg, 

2CU2S + 3O2 •= 2CU2O + 2SO2 

this last reaction occurring only to a very small extent. The 
roasted ore is next mixed with coke, sand (or slag from subse¬ 
quent operations) and a little quantity of lime and the mixture 
heated in a water-jacketed blast furnace when a little quantity 
of OuaO formed in the previous operation reacts with iron 
sulphide giving OugS and FeO. 

CU 3 O + FeS = CuaS + FeO. 

The ferrous oxide so formed and also produced in the previous 
operation reacts with sand or silica, giving a slag of ferrous 
silicate, FeO +SiOg ^FeSiOs. The slag is removed and the 
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residue obtained of cuprous and ferrous sulphides is known as 
matte. The molten matte is then directly run into a Bessemer 
converter with a little silica and a blast of air is introduced 
through tuyeres placed at the sides. Iron is first oxidised to FeO 
which combines with silica forming a slag of ferrous silicate as' 
before. The slag is removed and the blast continued. CU 2 S is 
then partially oxidised to CuaO and this OU 2 O reacts with 
unchanged GU 2 S to form copper and 6 O 2 . The slag is removed, 
the blast stopped and the converter tilted to pour off Ou. This 
copper has a blistered appearance due to escape of 802 * 

2 CU 2 S + 30 2 = SCuaO + 2 SO 2 . 

Cu2S + 20u20«60u + S02. 

Blistered copper is then melted on the hearth of a reverbera¬ 
tory furnace when the impurities are oxidised. Some escape as 
gas, others form slag with the furnace lining of silica, which is 
removed. Next the metal begins to oxidise. Anthracite coal 
is then sprinkled on the molten mass and the mass is stirred 
with logs of green wood. When the copper attains the requisite 
tough'pitGhy it is poured out. 

Electrolytic refining of copper is carried out in the following 
way :— 

Thick sheets of impure copper (even of blister copper before 
it is thermally refined) are suspended from a metal rod which is 
connected to the positive pole of a battery, thus making those 
thick sheets function as anodes, in a bath of copper sulphate 
solution acidified with dilute H 2 SO 4 taken in a wooden vessel 
lined with lead. 

Thin plateg of pure copper are suspended in the same bath 
from another metal rod connected to the negative pole of the 
battery, thus making those thin sheets function as cathodes, and 
these thin plates are inserted alternately between the thick 
sheets. On passing electric current through the bath of copper 
sulphate, the thick sheets gradually pass into solution and pure 
copper is deposited on thin plates. Impurities present either 
pass into solution or are deposited at the bottom of the bath near 
the anode as anode mud. Copper, thus obtained at the cathode 
is 99’99 per cent. pure. 

■ Q. 7. Indicate the methods for the preparation of :— 

{a) Anhydrous aluminium chloride from scrap aluminiumt 

(6) Lunur caustic from silver glance^ 
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(c) Cprrosive sublimate from merouric sulphate and 

id) Mosaic gold. 

Ana. (a) Scrap aluminium is to be taken in a hard glass 
tube fitted with corks at two ends through which glass tubes 
pass. The hard glass tube containing scrap A 1 is' then connec¬ 
ted with the help of glass tube at one end .to a dry hydrogen 
chloride generator and the glass tube at otheii^^nd is dipped into 
a dry glass fiask. The hard glass tube is nest heated and the 
current of dry hydrogen chlorMe is passed over heated scrap Al. 
Anhydrous aluminium chloride formed sublimes off and collects 
in the dry glass flask. Hydrogen gas evolved passes away. 

2 A 1 + 6 H 01 « 2AICI3 + 3 Ha. 

(6) Silver glance is naturally occurring silver sulphide, AgoS.^ 
Lunar caustic is silver nitrate, AgNOs. Now, naturally occurring 
silver glance, AgaS, cannot be directly converted into silver 
nitrate by treating with nitric acid. So, at first metallic silver 
is produced from silver glance by the cyanide process. Silver 
glance is finely crushed and is treated with a dilute solution of 
sodium cyanide in water and a current of air is passed through 
the solution. Sodium cyanide dissolves the silver sulphide present 
in silver glance forming soluble sodium argonto-cyanide. The silver 
is now precipitated from the filtered solution by the addition of 
sodium sulphide as silver sulphide. This precipitated silver sul¬ 
phide is reduced by scrap aluminium and caustic soda solution. 
Ag 2 S + 4NaCN = 2NaAg(GN)2 + Na 2 S. 

2 NaAg(ON)9 + Na 2 S = 4NaCN + AgaS 
Ag 2 S + 2 H = 2 Ag +H2S. 

This precipitated silver is removed by filtration, washed 
thoroughly with water and then dissolved in warm moderately 
dilute nitric acid when silver nitrate solution is obtained. The 
solution is evaporated to crystallisation and cooled, when 
crystals of silver nitrate, lunar caustic, is obtained. 

Ag + 2HNO3 « AgNOs + NO2 + H2O. 

(c) For preparation of corrosive sublimate, HgOla* from 
mercuric sulphate, a mixture of mercuric sulphate and common 
salt with a little manganese dioxide is taken in a long-necked 
flat-bottomed flask and heated on a sand-bath. Mn 02 is added 
to prevent reduction of HgCU formed to calomel by orga-nie 
matter present in common salt. 

HgSO* 4- 2Na01 « HgOla + NaaSO*. 
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After the reaction is over, the flask is cooled and then 
broken. The cake of mercuric chloride, formed as a deposit 
inside the flask, is removed. It is then dissolved in water by 
heating and crystallised therefrom. The purification is carried 
out by recrystallisation from water solution, 

{d) Mosaic gold is a special type of stannic sulphide 
obtained by soi^#' heat-treatment and is different from precipi¬ 
tated stannic sulphide. 

It is prepared in the dry way as golden scales by heating 
tin-amalgam, sulphur and ammonium chloride in a retort when 
golden yellow scales are obtained as a sublimate. 

Sn-l- 4 NH 4 Cl = (NHj 2 SnCU+H 2 -i- 2 NH 3 
2(NH J.,SnCU - 1 - 2S = SnSg + (NH JsSnClc + 2NH^C1. 

1942 

FIRST PAPER 

Q. 1. State the fundamental postulates of Dalton s atomic 
theory and skoio that the three laics of chemical combination carh 
he easily deduced from the theory, 

Ans. The fundamental postulates of Dalton’s Atomic 
theory are ; 

(i) Matter is composed of minute indivisible particles called 
atoms, which can neither be created nor destroyed by any 
chemical process. 

('/i) Atoms of the same element are similar in properties in 
all respects and are equal in weight. 

(m) Atoms of different elements have different properties 
and different weights. 

(fv) Chemical combination between two or more elementa 
takes place by the union or juxtaposition of the atoms of those 
elements in simple numerical proportions, viz., 1 :1, 1 : 2, 2:1, 
or 2 : 3, etc. 

(v) The combining weights of the elements represent the 
combining weights of the atoms of different elements concerned. 

Dalton's Atomic Theory explains the laws of chemical 
combination by weight, but it fails to explain the law of 
combining volumes of gases as propounded by Gay Lus'sac. 

We shall here see how the laws of chemical combination are 
explained with the help of this theory. 
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(l) Law of conservation of Mass ,—Since matter is made of 
atoms which cannot be created, destroyed or divided, the total 
number of atoms present at the beginning of a chemical change 
must also be present at the end of it, provided it is not allowed to 
escape from the region of reaction. Again, since each atom 
has a fixed mass, the total mass present at .the beginning of a 
chemical reaction remains the same after the reaction. Thus 
the statement of the law, viz,, in a chemical change the total 
mass of the reacting substances is equal to the total mass of the 
products, is explained easily from Dalton’s Atomic Theory. 

f2) Laio of Definite Proportions .—When elements combine 
1 iO form a compound, the combination takes place through their 
atoms that unite. Det us suppose that x atoms of an element 
A combine with y atoms of another element B to form a mole¬ 
cule of the compound of A and B, The weights of the elements 
A and B present in such a compound are in the ratio x x at. wt. 
of A : 7/ X at. wt. of B. But the atomic weights of A and B are 
fixed, and in the compound of A and B, these two elements are 
present in a fixed ratio. Thus the statement that the same 
•compound always contains the same elements, combined together 
in the some proportion by weight, is found to be deducible 
from Dalton’s Atomic Theory. 

(3) In explaining the law of multiple proportions from the 
postulates of Dalton’s Atomic theory, let us assume that two 
elements A and B combine together to give more than two 
different compounds. Let us also assume that the simplest 
compound formed from A and B contains 1 atom of A and 1 
atom of B, so that its formula is AB, Since atoms are ilidivi- 
sible and compounds arc formed by the union of atoms in 
simple numerical proportions, 1 or more atoms of A will now 
combine with 2 or more atoms of B to give the other compounds 
of A and B. Let the formula for another compound of A and 
B be ABz and yet a third compound of A and B is found whose 
formula is A^B^, Let us assume that atomic weights of A arid 
B be m and n respectively. Then we find that 

{i) In the first compound AB, , 

n parts by weight of B have combined with m parts by 
weight oi A. 

(a) In the second compound AB 2 t 
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parts by weight of B have combined with m parts by- 
weight of A- 


i.e., n parts by weight of B have combined with 


m 


parts by 


weight of A, 

(m) In the compound A^Ba, 

^71 parts by weight of B have combined with Sw parts by 
weight of A. 


ix.t n parts by weight of B have combined with 


2 m 


parts 


by weights of A. 

Therefore, the weights of A which combine with a constant 

’ ^ j. r Tt • m 2m w 1 2 

weight of B, VIZ., n, are as m : - ; - -, or as 1 i ; or 

2 3 2 3 


as 6 : 3 : 4, which is a simple ratio. Hence it is seen that the 
law of multiple proportions follows as a necessary corollary 
from Dalton's Atomic theory. 

(4) Laio of Beciprocal Proportions. —Let us suppose that 
a, h and o are the at. wts. of three elements A, B and G respec¬ 
tively. And let one atom of A combine with one atom of B to 
form a molecule of the compound AB and one atom of A com¬ 
bine with one atom of C to form a molecule of the compound 
AC. 

(i) If now combination between B and C be possible, they 
will form a compound, either by combination of one atom of B 
with one atom of G in which case the weights in which B and G 
combine will be as b : c., i.e., in the same ratio in which they 
combine separately with A, or (ii) since atoms are indivisible, x 
atoms of B may combine with y atoms of C where x and y are 
simple integers ; in that case the weights of B and C shall be in 
the ratio (bx x) ■ (c x y) i.e., B and G combine together in 
weights which are simple multiples of their weights in which 
they separately combine with A. 

Law of Beciprocal Proportions is stated thus : 

If a certain weight x of an element A combine with a certain 
weight y of an element B and a certain weight ? of an element 
C, then, if combination between B and C be possible, they will 
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combine in the ratio y : z ot in some simple multiple of this 
ratio, viz, 2y : z, ot z : or 2y : 3^, etc. 

Q. 2. A gaseous mixture contcdns 50% hydrogen^ 40% methane 
and 10% oxygen. Calculate the volume of additional oxygen at 
N, T, P* that will he required for the complete combustion of 
200,c.c, of the above gaseous mixture measured at 27^C. and 750 
mm, pressure, 

TVhat amount of potassium chlorate is to be decomposed by 
heat in order to generate the required quantity of oxygen, 

(K^39'h Cl^35'5, 0^16 0), 

Ans. Since the gaseous mixture contains 50% hydrogen, 

/. 200 c.c. of the mixture will contain 100 c.c. of 

hydrogen. 

Again, since the gaseous mixture contains 40% methane,* 

200 c.c. of the mixture will contain or80c,c. 

100 

of methane. 

Since 10% of the mixture is oxygen, 200 c.c. of the mixture 

. . 10 X 200 nA X 

contains — — or 20 o.c. of oxygen. 

100 

Now, from the equation 2 H 2 + 02 ~ 2 H 20 ; we know 

2 vols. 1 vol. 

that 2 vols. of hydrogen require 1 vol. of oxygen for compl’ete 
combustion measured under the same conditions of temp, 
and pressure ; therefore, 100 c.c. of hydrogen • will Require 
50 c.c. of oxygen for complete combustion. 

Again, from the equation OH 4 + 2 O 2 =C 03 + 2 H 2 O, we 

1 vol. 2 vols. 

know that 1 vol. of methane requires 2 vols. of oxygen for 
complete combustion measured at same temp, and pressure; 
therefore 80 c.c. of methane will require 160 c.c. of oxygen for 
complete combustion. Therefore, for complete combustion of 
hydrogen and methane present in the gaseous mixture, total 
volume of oxygen required is (50 +160) or 210 c!c. at 27“C,, and 
750 mm. But the gaseous mixture contains 20 c.c. of oxygen in 
itself. Therefore the volume of additional oxygen required for 
the complete combustion of hydrogen and methane present in 
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the gas mixture *= (210 - 20) or 190 c.o. 'Now, 200 o.o. of the 
gaseous mixture was measured at 27°G. and 750 mm. pressure. 
Therefore 190 c.c. of additional oxygen required is also measured 
at 27*0* and 760 mm. pressure. Let V be the volume of this 
oxygen at N-T.P., ue, at 0°C. and 760 mm. pressure. Then by 
Boyle’s and Charles’ laws we have 

190x_750^Fx760 
273 + 27" " ' 273 ' 


whence V 


190 >^60x273 
"'760x 300 


= 170*6 c.c. 

* 

Again, from the equation 

2 KCIO 3 - 2KC1 + 3 O 2 

2 X (391+ 36*6+ 48) 3x32 

or, 2 X 122*6 

We know that, 3 x 32 grams of oxygen can be obtained from 
2 X 122*6 grams of potassium chlorate. But since molecular 
weight of any gas expressed in grams occupies 22'4 litres at 
N.T.P., 3 X 22*4 litres of oxygen at N.T.P. can be obtained by the 
decomposition of 2 x 122*6 grams of potassium chlorate. 
Therefore, 1 c.c. of oxygen at N.T.P. can be obtained by the 

decomposition of -—^-grams of KCIO3. Hence 

3 X 22 4 X 1000 

170*6 c.o. of oxygen at N.T.P. can be obtained by the decom¬ 
position of ^3^x^||.|^2of(f 0*6227 gram of KCIOr. 

Q. 3. Describe expeiiments to determine the composition of 
hydrochloric acid gas both by analysis and synthesis of the 
substame. 

Why is the determination by the method of analysis alone not 
regarded as a sufficient and rigorous proof of its composition ? 

Ans. The analytical method for the determination of the 
composition of hydrochloric acid gas consists of two sets of 
experiments :— 
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(1) Electrolysis of- concentrated solution of hydrochloric 
acid:—» 

(*) Strong hydrochloric acid solution is taken in Hoffmann’s 
apparatus “which consists of a three-limbed glass vessel, the two 
side-tubes of which are provided with a stop-cock each at the 
top and the middle limb is provided with* a bulb at the top, 
which serves as a reservoir, {ii) The two side limbs are provided 
with two carbon electrodes fitted at the bottom 
through two rubber stoppers. The carbon elec¬ 
trodes are connected to the terminals of a batte¬ 
ry. {iii) Now the apparatus is filled up com¬ 
pletely with concentrated hydrochloric acid. 

(/t?) Next electric current is passed through 
the liquid. Hydrochloric acid is decomposed 
and hydrogen is liberated at the cathode and 
chlorine at the anode. Hydrogen collects in 
the limb containing the cathode, but chlorine 
liberated in the limb containing the anode 
dissolves in the water present in concentrated 
hydrochloric acid and so no gas collects in that 
limb for some time, (v) When the liquid in 
the limb containing the anode becomes •satu¬ 
rated with the chlorine evolved, both the stop¬ 
cocks are opened to drive out all gases and to 
refill the limbs with concentrated hydrochloric 
acid, {vi) After the gases are driven off, the 
stop-cocks are closed and electrolysis is allowed 
to proceed on. This time it is found that the 
gases collect in equal volumes in the two limbs. 

The volume of hydrogen collecting in the limb 
carrying the cathode (which is identified by the facts that it 
burns in oxygen giving water alone and that it is absorbed by 
palladium) is equal to the volume of chlorine collecting in the 
limb carrying the anode (which is identified by its greenish- 
yellow colour, smell of bleaching powder and capacity of turning 
starch-iodide paper blue). 

Thus it is established that hydrochloric acid gas contains 
equal volumes of hydrogen and chlorine. 

(2) Sodium Amalgam method for establishing that hydro- 
chloric acid gas contains half its volume of hydrogen :— 
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(i) In a 17-shaped glass tube provided with a stop-oock at 
one end and opened at the other end, with a tap 
near the bend, dry hydrochloric acid gas is collected 
from a generating apparatus by displacement of 
mercury into the closed limb by opening the stop¬ 
cock and the tap after filling the C7-tube completely 
with mercury, {ii) The stop-cock and the tap are 
closed and the mere ary in both the limbs is brought 
to the same level by opening the tap and the volume 
of hydrochloric acid gas taken is divided into two 
halves by a rubber ring placed at the middle position 
as shown in the figure. [Hi) The open limb is then 
completely filled with sodium amalgam and mercury. 
{iv) This limb is now closed with a rubber stopper 
and hydrogen chloride is carefully transferred from 
the closed limb to the other limb several times till 
complete. Sodium chloride is formed and the 



Fig. 7 
the action 

residual gas is completely transferred to the closed limb. 


IS 


2Na + 2HCl = 2NaCl + H 2 . 

(v) Mercury level is next adjusted again by letting out 
mercury through the tap when the level of mercury is found to 
coincide with the rubber ring. This proves that volume of the 
gas remaining is exactly equal to half the volume of hydrochloric 
acid gas taken. 

{vi) That the residual gas is hydrogen is proved by the 
facts that it burns in air giving water alone and that it is 
absorbed by palladium. 


Tfi'is proves that hydrogen chloride contains half its volume of 
hydrogen. 

These two experiments together prove that two volumes of 
hydrochloric acid gas contain one volume of hydrogen and one 
volume of chlorine. 


Synthetic method :—of determining the composition of hydro¬ 
chloric acid gas : 


(a) A stout glass explosion tube, consisting of two bulbs 
provided with stoppers at two ends and connected together by 
means of a three-way stop-cock at the middle, is taken. The 
two bulbs are of exactly equal volumes (Fig. 8, upper tube). 
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(b) One of the bulbs is filled up with chlorine j either by 
displacement of air keeping the three-way atop-oock open or by 







Fig. 8 

displacement of brine* (c) The other bulb is then filled up with 
hydrogen in the same manner by keeping the three way stop-cook 
open to the air. (d) The three-way stop-cock is then turned 
the other way so that the two bulbs are put into communica¬ 
tion and the two gases are allowed to mix, the mixing being 
carried out in the dark, (s) The mixture is then exposed to 
diffused sunlight for a certain length of time to allow the reaction 
to be completed. The two gases combine to give hydrochloric 
acid gas. (/) The tube is cooled and one of the end stop-cocks 
is dipped under mercury and opened. No gas enters or leaves 
the tube, nor does mercury rise in the tube. This proves that 
there has been no change in volume as a result of the combina¬ 
tion of the two gases. (//) Water is then poured over mercury, 
and the tube is raised so that the open stop-cock dips into water 
only. Water then rushes* up and completely fills the tube, due 
to the whole quantity of gas dissolving in water, (h) The solu¬ 
tion so formed on being tested, is found to be acidic to litmus 
and it gives a curdy white ppt. with silver nitrate solution ; the 
precipitate is insoluble in cone. HNOs, but readily dissolves in 
NH 4 OH. After the reaction, therefore, the tube contains only 
hydrochloric acid gas. 

This proves that 1 volume of hydrogen combining with 1 
volume of chlorine produces 2 volumes of hydrochloric acid 
gas. 

Synthesis of hydrochloric acid gas from the constituent ele¬ 
ments, hydrogen and chlorine, may also be effeclied by passing 
electric spark through the mixture of the two gases taken in 
equal volumes (produced by the electrolysis of cone, hydrochloric 
acid and collected after the liquid becomes satuarated with 
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chlorine by drying with a CaOla—tube) in a tube indicated in 
the lower position of the adjoining figure. This leads to the same 
result as above. 

1 vol. of hydrogen combines with 1 vol. of chlorine to 
produce 2 vols. of hydrogen chloride. This is the result of 
analysis of hydrogen* chloride. Now, if we suppose, that 1 vol. of 
hydrogen contains n molecules, then by Avogadro^s hypothesis 
we come to know that n molecules of hydrogen combine with n 
molecules of chlorine to produce 2n molecules of hydrogen 
chloride. Dividing by ?i, 1 molecule of hydrogen combines with 
1 molecule of chlorine to give rise to 2 molecles of hydrochloric 
ncid gas. But since it is known that hydrogen molecules as 
also chlorine molecules are diatomic, we get that 2 atoms of 
hydrogen combine with 2 atoms of chlorine to produce 2 mole¬ 
cules of hydrogen chloride. Therefore, 1 atom of hydrogen and 
1 atom of chlorine by combination give rise to 1 molecule of 
hydrochloric acid gas. Thus the formula for hydrochloric acid 
gas is HOI. This formula is confirmed by the determination of 
the density of hydrochloric acid gas. This is found by experi¬ 
ment to be 18*26 and so by application of Avogadro’s hypothesis, 
the molecular weight of hydrogen chloride is 36*6. This tallies 
with the formula HCb 

Now, by analysis, we get only the atomic ratio in the mole¬ 
cule. Elements combine in forming a compound in the propor" 
tion of their equivalent weights. But the combination in elements 
is also determine'd by the valencies of the elements. So by 
analysis the combining weights alone being obtainable, we can¬ 
not determine the composition of the compound therefrom. To 
get the molecular formula from the empirical formula obtainable 
from analysis, we must have the knowledge of its gaseous 
density. Along with that we should have also the knowledge 
of valencies of the elements combining. 

Hence the method of analysis alone is not regarded as a 
sufficient and rigorous proof of the composition of hydrogen 
chloride. 

• ' Q. 4. Hmo would you prepare a saturated solution of hydrio- 
die acid in the laboratory ? Draw a neat sketch of the apparatus 
•you would me and give equations for the reactions that occur. 
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Explain what happens when a solution of hydriodic acid is (a) 
exposed to air for a long timet ( 6 ) mixed with chloriiw water^ 
and (c) treated with a solution of hydrogen peroxide, 

Ans, In the laboi'atory hydriodic acid is prepared by drop- 



Fig. 9 

ping water from a dropping funnel, fitted to a flask containing a 
mixture of red phosphorus and iodine. The flask is provided 
with a delivery tube and the delivery tube is connected to a 
CZ-tube containing glass beads and moist red phosphorus. The 
flask is cooled by dii)ping it in water. Hydriodic acid gas mixed 
with iodine vapour is evolved in the flask and in passing through 
the U’tube containing moist red phosphorus, iodine vapdur is 
absorbed. The HI gas is then collected by upward displacement 
of air. 

At first phosphorus tri-iodide is formed, which is then decom¬ 
posed by water forming phosphorus acid and hydriodic acid. 

P + 31 - PI 3 . PI 3 + 3H 2 0 = H 3 POa + 3HI. 

A saturated solution of hydriodic acid can be obtained by 
joining the delivery tube to the stem of a funnel and then dip¬ 
ing the mouth of the funnel just below the surface of water 
contained in a beaker. By this inverted funnel arrangement, 
as it is called, the back suction is prevented and gradually a 
saturated solution can be prepared. 
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A solution of HI in water can be conveniently prepared by 
passing H 2 S or SO 2 through water, containing 
Iodine in suspension 1 

H2S + l2 = 2HI + S 
802+l2 + 2H20 = H 2 S 04 + 2HI . 

.The water solution, is prepared to satura¬ 
tion, then it is filtered and the filtrate is dis¬ 
tilled. The distillate so obtained is a solution 
of HI in water. 

(a) When hydriodic acid solution is exposed 
Fig. 10 fQj. a long time, it is oxidised by atmos¬ 

pheric oxygen with the production of water and liberation of 
iodine. This liberated iodine dissolves in HI solution remaining 
unoxidised, producing brown solution. 



4HI + O2-2H2O + 2I2. 

(b) When mixed with chlorine water, hydriodic acid solution 
decomposes liberating iodine which is deposited in the form of 

' solid flakes. 

2HI + CI2-2HCI + I2. 

(c) When treated with a solution of hydrogen peroxide, 
hydriodic acid solution is oxidised and iodine is liberated and 
water is formed. 

2HI + H2O2 ~l 2 +2H2O. 


Q. 5. Describe the process of making sulphur trioxide on a 
large scale from sulphur dioxide. How is pure sulphuric acid 
prepared from sulphur trioxide ^ 

•. Explain what happens when a limited quantity of cold icater 
is added to concentrated sulphuric add. 

Give illustrations of the use of sulphuric acid as (a) a dehydrat¬ 
ing agent, (b) an oxidising agent. 

Ans. Sulphur trioxide is prepared on a large scale from 
sulphur dioxide by passing a mixture of sulphur dioxide and 
excess of oxygen in the form of air, freed from dust, sulphur 
particles, arsenious oxide, etc., and dried properly, through a 
contact furnace containing platinised asbestos heated by ring 
burners to a temperature of 450®C. at the start. The contact 
furnace consists of an iron box fitted with vertical iron pipes 
packed with the platinised asbestos. The heating is disconti- 
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Fig. 11 

maintains the temp, necessary for the reaction. Platinised 
asbestos acts as the catalytic agent and sulphur dioxide is oxidis* < 
ed to sulphur trioxide by atmospheric oxygen. A white cloud-of 
sulphur trijjxide escapes through the other side of the furnace. 
This white cloud is passed through a well-cooled receiver where 
sulphur trioxide condenses in the form of white silky needles. 

2S02+0^=2S08. 

Pure sulphuric acid can be prepared from sulphur trioxide by 
adding it to 98% sulphuric acid in which sulphur trioxide dissol¬ 
ves readily forming fuming sulphuric acid. 

HaSOA + SOs =£[28207. 

Then calculated quantity of water is added to it to produce 
98% sulphuric acid. 

H2S2OT "h H2O 2H2SO4. 

[N.B. Water cannot be used directly for absorbing sulphur ‘ 
trioxide for droi^lets of sulphuric acid are formed and that pre¬ 
vents further action.] 

98% HaS 04 is then cooled by freezing mixture when crystals 
of pure HaS 04 melting at 10®O. are formed. These crystals are 
seperated from the adhering liquid and melted when 100 % 
H 2 SO 4 is obtained. 

When a limited quantity of cold water is added to concen¬ 
trated sulphuric acid, much heat is evolved. Heat produced is 
so great that water added is converted into stea'kn with great 
speed and the steam along with sulphuric acid spurts out of the 
reaction vessel and so there is the chance of extreme danger to 
the experimenter. So it is always advised to add the concon- 
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trated acid in a thin steam to water with constant stirring. 
Snlphuric acid form hydrates like H2SO4, H2O, H2SO4, 2H2O 
and H2BO4, 4H2O with 'water. 

(a) Concentrated sulphuric acid is used as a desiccating 
agent for drying gases which do not react with it. It is also 
used in desiccators^or keeping the atmosphere inside the desic¬ 
cator dry. It is also capable of. abstracting the elements of 
water from many organic compounds ; e,q., it abstracts elements 
of water from eanesugar producing sugar charcoal, 

Cj aHsoO, 1 +H 2 SO 4 =120 + [llHaO + HaSOj. 

For this reaction to occur, concentrated sulphuric acid is 
added to a syrupy solution of sugar when the solution froths up 
due to escape of gases and it blackens due to separation of 
carbon, 

{h) When carbon and sulphur are heated with cone. HaSOir 
they are oxidised respectively to carbon dioxide and sulphur 
dioxide. 

C + 2H2SO, = CO2 + 2SO2 + 2H2O 
S + 2H0SO4 = SSOa + 2H2O. 

Sulphuric acid also oxidises HI and HBr with the liberation 
of iodine and bromine respectively when heated. 

2 HI + H0SO4 = I2 + 2H2O + SO2 

2HBr + H 28O4 = Bra + 2H2O + SO2. 

Q. 6 . Deacrihe the preparation and properties of the foUotuing 
substances and state their Mses ;— 

(a) Calomel^ (b) White lead, (c) Plaster of Paris, (d) Green 
vitriol, 

Ans. {a) Calomel—Mercurous chloride, HgaClz. 

It is obtained as a curdy white precipitate when the solution 
of a soluble mercurous salt is treated with HCl or with the 
solution of a chloride. 

Hg2(N0») j + 2H01 = Hg^CU + 2HN0, 

Hg.CNOa)^ + 2 NaCl = Hg 2 Cl 2 + 2 NaN 03 . 

This substance is manufactured by heating an intimate 
mixture of mercuric chloride and mercury in an almost closed 
vessel. Hg2Gl2 sublimes oh' and condenses as a white cake in 
the upper part of the vessel. The sublimate is taken out and 
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repeatedly boiled with water to free it completely from unchang¬ 
ed mercuric chloride, filtered and then dried. 

HgGl* +Hg *=Hg2Cljj. 

Properties of calomel, —It is an amorphous white powder 
without any taste. It is insoluble in water and in dilute acids. 
It sublimes without decomposition when Heated. It dissolves 
in aqua regia forming mercuric chloride. When treated with 
ammonia, it turns black due to the formation possibly of a mix¬ 
ture of finely divided mercury and amido-mercuric chloride, 
NHgHgCl. 

Use of calomel, —Calomel or mercurous chloride is used in 
medicine as a purgative. 

{h) White lead, Basic lead carbonate, 2 PbCOs, Pb(OH)2. 

Preparation of White lead : Dutch Method :— 

Pieces of lead are placed in earthenware pots having perfo¬ 
rated shelves near the bottom, on which lead rests. Dil. acetic 
acid (vinegar) is taken in the pots. The pots are now idaced, 
one above the other, with alternate layers of spent tan-bark or 
horse-dung, inside a shed and the whole stack is left as such for 
about 5 to 6 weeks. CO2 is formed due to fermentation of sijent 
tan-bark or horse-dung and the heat generated during fermen¬ 
tation volatilises acetic acid which attacks lead giving basic lead 
acetate, Basic lead acetate is now decomposed by CO2. produ¬ 
cing basic lead carbonate (white lead) and free acetic acid. The 
acid attacks more load converting it into white lead, and the 
cycle of changes is repeated. When lead is used up, the pots are 
taken down, the crust of white lead is detached, and is finely 
ground to separate it from any unchanged lead. It is now 
washed well with water and dried. The reactions occurring can 
be represented as follows :— 

( 1 ) 2Pb + 2 HaOd- O2 * 2 Pb(OH) 2 . 

(2) Pb(OH)2 + 2OH3OOOH «Pb(0HsC00)2 + 2 HcO. 

( 3 ) PMOHaOOOg +Pb(OH)a =Pb(GH3000)2, Pb(OH)2. 

( 4 ) 3 [Pb(CH 3 COO) 2 . Pb(OH)a] +2H3O + 4CO2 

« 2 L 2 PbC 08 . Pb(OH)3] + 6CH3COOH. 

Properties ,— 

It is a white amorphous powder, insoluble in water. It has 
got an extensive covering power and is poisonous when taken 

4 
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into the system.. It turns black by traces of H2S present* in air 
when it is used as a paint. 

Uses,— ' ' 

White lead is used as a white pigment on an extensive scale. 
It is usually used for oil paintings. 

(c) Plaster of Paris, Calcium sulphate hemihydrate, 2CaS04. 

It is prepared by heating gypsum, CaSO*, 2H2O to a tem¬ 
perature not exceeding 120 ® 0 . in such a fashion that it 
does not come into contact with carbonaceous fuel to avoid 
lieduction. 

2 Ca 804 , 2 H 20 = (CaS 0 j 2 , H2O + 3H2O. 

Properties ,—Plaster of Paris is a white powder. It sets 
to a hard mass with water. This is called setting of Plaster of 
Paris and it occurs due to re-hydration and reconversion into 
original gypsum— 

2 CaS 04 , Ha 0 + 3 H 20 = 2(CaS04. 2H2O). 

Uses ,—Plaster of Paris is used for preparing moulds in 
pottery works, surgical bandages and in preparing busts, statues, 
etc. 

(d) Green vitriol, Ferrous sulphate heptahydrate, FeS04, 
7H2O. 

Preparation *—Iron wire or ferrous sulphide is dissolved in 
dilute sulphuric acid, the solution filtered and the filtrate cou' 
centrated to crystallisation when green crystals of FeS04, THsO 
are obtained* This is manufactured by exposing heaps of mar- 
casite (FeSo.) to air in the presence of moisture. The resulting 
sulphuric acid is treated with scrap iron and the mass is lixivia¬ 
ted with water. The solution so obtained is filtered and 
evaporated to crystallisation. 

FeSa + H 2 O + 70 “ FeSO* + H 2 SO 4 . 

Green vitriol can be obtained as a byproduct in the 
preparation of HaS in the laboratory. The solution left behind 
in HaS—Kipp, when filtered and concentrated, gives crystals of 
FeSO*, 7H2O. 

Properties ,—Green vitriol is a pale-green crystalline solid. 
It effloresces on exposure to air. It is soluble in water. It 
gradually turns brown due to oxidation into ferric sulphate by 
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the atmospheric oxyfjenu • When heated, it first giyes -the mono- 
hydrate, PeSO*, H2O, this on further heating to 300 * 0 . in 
absence of air, gives- the white anhydrous salt, FeSO** At a 
red heat, it decomposes giving FeaO«, SOg, and 80 s. 2FeS04 = 
Fe-aOs+ SO2+ SO9. The water solution of ferrous sulphate 
absorbs nitric oxide giving the brown solution containing 
FeS 04 , NO. 

Uses, —It is used in dyeing, in the preparation of jeweller’s 
rouge and in manufacture of writing ink. 

Q. 7 Name'important ores of aluminium* Hotv is the metal 
extracted from its ore? Give a neat diagram of the furnace^^ 
State the uses of the metal, 

Ans. The principal ores of Aluminium are , 

(1) Bauxite, AI3O3, 2H2O. 

(2) Cryolite, AlFsi 3 NaF. 

There are many naturally occurring compounds of Aluminium,’ 
but none of them can be considered as an ore of Aluminium, 
for none can be used for extracting the metal profitably and 
economically. 

The extraction of aluminium consists of t%oo operations :— 
{a) Purification of Bauxite which contains ferric oxide and silica 
as impurities and (6) electrolytic decomposition of purified 
Bauxite. 

{a) Purification of Bauxite with the production of pure 
AI2O3 can be carried out in two ways. In the old process, (a) 
bauxite is heated to bright redness with sodium carbonate, when 
sodium aluminate, NaA102, is formed. The mass is rapidly 
lixiviated with water, whereby a solution of sodium aluminate is 
obtained and finely divided ferric oxide, which remains insolu- 
able, is removed by decantation. The clear solution of sodium 
aluminate is then treated with carbon dioxide at 50 * - 60 * when 
a granular precipitate of aluminium hydroxide is thrown 
down. 

Al20a +Na2C08 =2NaA102 +CO 2 . 

2 NaA 102 +OO2 + 3 H 20 = Na2C03 + 2 A 1 ( 0 H) 8 . 

The precipitated A 1 ( 0 H )8 is separated and then ignited when 
AUOs is obtained. 


2 Al(OH )3 = AI2O3 + 3H2O. 
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(6) In the modern Bayer process, the calcined bauxite is 
digested under 80 lb. pressure at 160 * 0 . with caustic soda solu¬ 
tion. Sodium aluminate is formed and oxide of iron is left behind. 
The solution of sodium aluminate is separated from deposited 
iron oxide by decantation and then agitated with precipitated 
alumina. Nearly all the alumina in solution is thereby precipi¬ 
tated, which is easily washed and this on ignition yields pure 
AI2O3. 

AI2O3 + 2 NaOH = 2NaA102 + HgO. 

The above reaction is reversed on agitation with precipitated 

AI2O3. 

The alumina purified by any of the above processes is then 
dissolved in fused cryolite and electrolysed between carbon elec¬ 
trodes. The electric furnace consists of an iron box lined inter¬ 
nally with blocks of gas-carboii and is made the cathode. .'.The 
anode consists of a bunch of carbon rods hung from a copper 
rod and dipped into the electrolytic bath. The electrolyte is a 
solution of purified AloOs in fused cryolite, AIF3, 3 NaF, together 
with some fluorspar, CaF2, the temi)erature of the bath being 
kept at 875 *- 960 *. 


E 

F 

G 
H 

Fig. 12 

The alumina is electrolysed, the metal being deposited .at the 
bottom of the bath below the anodes. The oxygen liberated at 
the anodes attacks them with the production of CO and CO2 in 
about equal volumes. The charge is usually covered [with a 
layer of carbon and fresh alumina is stirred in from ‘time to 
time. The complete decomposition of alumina is indicated by a 
rise in resistance of the bath, the lamp shunted with, the bath 
brightening at this stage. 
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2A1208 *“4A1 + 60a 
C + Oa^COa 
20 + 02 *= 200 . 

The chief uses of the metal are— 

(1) in the production of light alloys lifce magnalium, (A1 + 
Mg), duralumin, (A1 +Mg+ 0u +Mn)» aluminium bronzes, etc. ; 

( 2 ) in the production of aluminium powder which is used as 
a paint and in fireworks ; 

( 3 ) in the thermite process of the extraction of metals like 
Or, Mn and for repairing iron rails ; 

(4) in the production of amalgamated aluminium foil which 

is used as a reducing agent in neutral medium. , ‘ * * 

• * 

Q. 8. Describe inhat hampens when :— 

(a) Supply of air %s gradually increased or reduced in 4 
Bunsen flame. Give reasons for your answer, 

[If) An electric current is 2 '>assed through a solution of copper 
sulphate and sodium chloride respectively, 

(c) Lead nitrate and feirous sulphate are separately heated. 
Give equati07is. 

Ans. (a) In a Bunsen burner, when the air-holes are kept 
closed and the burner lighted, the flame becomes luminous and 
consists of four zones :— 

[i) The dark central zone containing unburnt gases, 

(//) The central luminous zone of incomplete combustion. 

(Hi) The faintly luminous outer zone. This zone is called 
the zone of complete combustion. 

(iv) A small bright blue region at the base of the flame, 
which is non-luminous. 

When the supply of air is gradually increased, the gas suppli¬ 
ed, as it comes out of the jet and passes unburnt up the 
burner tube, sucks in air through the air-holes which are 
gradually opened to supply air. The gas mixed with air then 
burns at the mouth of the burner tube and the following changes 
in the flame are observed: (a) zone (ii) graduallybecomes smaller 
and ultimately disappears and the flames become non-luminous, 
(b) the flame is reduced in size, (c) zone (et;) gradually becomes 
continuous right up to the end like a cone. When the supply of 
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air is increased to a great degree, this cone becomes green, 
the flame begins to roar and finally it strikes back, i,e,, the gaa 
begins to burn at'the jet instead of at the mouth of the burner 
tube, (d) The faintly luminous zone (in) remains in tact. The 
flame now consists of practically two zones— (i) the inner blue 
zone containing unburnt gas inside and called the reducing zone 
and (ii) the outer pale blue zone of complete combustion, called 
‘ the oxidising zone. 

When the supply of air is gradually reduced by closing the 
air-holes, the above changes are observed in the reverse order 
gradually. 

The changes are produced on account of diminished or 
increased oxidation of the gases (hydrogen and hydrocarbons) 
supplied through the burner tube. The flame becomes luminous, 
when the air supply is diminished, on account of separation of 
solid carbon particles due to incomplete combustion of the 
burner gases and for higher density of the gas supplied due to 
non-dilution with air. The non-luminosity of the flame, when 
the air-supply is increased, is due, on the other hand, to com¬ 
plete combustion in presence of excess of air, cooling due to 
mixing of gases supplied with cold air and lowering of density of 
gases due to dilution with air. 

(b) On passing an electric current through a solution of 
copper sulphate, the solution undergoes electrolysis and copper 
ions are discharged at the cathode and sulphate ions at the 
anode. Metallic copper will be deposited at the cathode made 
of any metal, copper or platinum. But sulphate ion, which is 
discharged at the anode, attacks the anode if it be made of 
copper or any metal capable of being attacked by 80+ =ion and 
no gas will be evolved ; but if the anode be made of platinum or 
any other metal incapable of reacting with SO 4 =ion, SO 4 =ion 
will react with water of the solution forming H 2 SO 4 . and evolv¬ 
ing oxygen. 

CuS04-Cu++-{-S04“ 

2 SO 4 -b 2H 2 O « 2H 2 SO 4 + 0 2 . 

. When an electric current is passed through a solution of 
sodium chloride, sodium is liberated at the cathode and chlorine 
at the anode. But sodium liberated at the cathode reacts with 
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water present in the solution and forms caustic soda evolving 
hydrogen. So hydrogen is evolved as gas at the cathode. 

2Na + 2Ha6 « 2NaOH + H*. 

If the electrolysis be carried out in a divided cell like Cast- 
ner-Kellner cell, caustic soda solution will be obtained in the 
cathode chamber from where hydrogen is also evolved and 
chlorine will be liberated as gas from the anode chamber. But 
if the electrolysis be carried out in an undivided cell, chlorine 
evolved at the anode will react with caustic soda produced 
forming sodium hypochlorite at the first instance, but if the 
electrolysis be carried out for sufficient length of time, sodium 
chlorate is the chief product. 

2NaOH + 019 = NaOCl + NaOl + H * 0. 

6NaOn + 3OI9 = NaClOs + 6NaCl + 3 HaO. 

(a) When lead nitrate crystals are heated, it first deprecipi¬ 
tates, then melts and then decomposes producing brown fumes 
of nitrogen peroxide, condensible to a yellow liquid on cooling 
in freezing mixture, and oxygen as gas and leaving a yellow 
residue of lead monoxide. 

2Pb(N03)2 = 2PbO + 4 NO 3 + O 2 . 

When ferrous sulphate crystals, FeS 04 , 7H 2 0, are heated, 
they lose water of crystallisation and at a red heat these 
decompose producing sulphur dioxide and sulphur trioxide and 
leaving a brown residue of ferric oxide (Jeweller’s rouge). 

2 FeS 04 = PesOs + SO 2 + SO 3 . 


1942 

SECOND PAPEB 

Q. 1. 700 c, c* of gaseous hydrochloric acid •measured at O^C, 

and 760 mm. pressure were led into a solution of potassium 
hydroxide im water. After the reaction, the solution was sttll 
alkaline and required 56 c.c. of r2N sulphuric acid for its 
complete neutralisation. 

Calculate the quayitity of potassium hydroxide present in -the 
solution as also the potassium chloride formed. 
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Ans, We know that 22*4 litres of hydrogen chloride measur¬ 
ed at 0*C. and 760 mm. pressure weigh 36*6 grams, since 
molecular weight of any gas expressed in grams occupy 22*4 
litres at N.T.P. 


Thus 22400 o.c. of gaseous hydrochloric acid at 0®0. and 760 
mm. pressure weigh 36*6 grams. 

.*. 700 c.c. of gaseous hydrochloric acid at 0 ®C. and 760 

mm. pressure weigh . x 700 grams -1*1406 grams. 

22400 

Now, from the equation, 

KOH + HC1=KG1 +H 2 O 
39 + 16 + 1 36*6 39 + 36'5 

or or 

66 ■ 74*5 

We know that 

36*6 grams of HCl can react with 66 grams of KOH and 
produce 74*6 grams of KCl. 

Therefore, 1*1406 grams of HCl can react with x 1*1406 

74*5 

grams or 1*76 grams of KOH and produce r— x 1*1406 grams 

36*6 

or 2*3275 grams of KCl. 

■ 

Again,. 1000 c.c. of (N)H 2 S 04 solution contain 49 grams 
of sulphuric acid. 

Therefore, 1000 c.c. of 1 * 2 (N)H 2 S 04 solution contain 49 x 1*2 
grams of sulphuric acid. 

4,0 X 1 *9 

Hence, 56 c.c. of r 2 (N)H 2 S 04 solution contain - ^qqq ^ 


grams or 3*234 grams of sulphuric acid. 

Now, from the equation 

2KOH + H2S04=K2804 + 2H20 

2 X 66 98 

we know that 

98 grams of H 28 O 4 will react with 2 x 66 grams of KOH. 
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Therefore, 3*234 grams of „ „ ^ 3*234 grams. 

98 

or, 3'696 grams of KOH. 

Hence total quantity of KOH present in the solution = (1*75 
+ 3*696) or, 5*446 grams. 

And potassium chloride formed “2*3275 grams. 

Q. 2. What is iinderstood by *Beriodic Glassification of Eler 
menis\ Hoto has this helped in the. syste^natisation of Inorganic 
Chemistry ? Illustrate your anstc&r by an example. 

Ans. When the methods of determining atomic weights 
came to be established on firm grounds, there arose the possibi¬ 
lity of comparing the atomic weights of elements and their pro¬ 
perties, in order to find out some definite relationship between 
these two. As early as 1817, Dobereiner noticed that in some 
allied elements, the atomic weights were approximately in arith¬ 
metical progression. Thus 


r 

Ca... 

...40 1 
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1 

S.... 
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48 
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Be.,, 
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1 
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Ba .. 

...137 J 


..... 

39 J 

Te .. 

....127 




These were called Dobereiner s Triads. 


Almost half a century later, in 1864, the English Chemist 
Newlands made a remarkable observation that if elements were 
arranged in the ascending order of their atomic weights, Counting 
from any ojie of them, the eighth member would be analogous hi 
properties. This was called by Newlands the “Law of Octaves’’ 
from the analogy with the musical scale. 

Tn 1669 Lothar Meyer, a German Chemist, and simultane¬ 
ously, but quite independently, the Bussian Chemist, Mendeleeff 
discovered that when the elements are arranged in the order of 
increasing atomic weights, their properties vary from member 
to member in a definite way, but return more or less to the same 
value at fixed points in the series. 

s 

If the sixteen elements with lowest atomic wts., after hydro¬ 
gen, be arranged in order of increasing atomic wts. in two 
horizontal rows of eight, some of these relations will be 
recognised— 
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He»4. Li«7, Be“9, B«ll, N*14, 

0 = 16, F = 19. 

Ne = 20, Na = 23, Mg-24, Al-27, Si = 28, ^ = 31, 

8 = 32,01 = 36*5. 

In traverbing fcrom He to F in the upper row, we meet with 
certain characteristic properties belonging to each member, and 
also a certain gradation in those properties that are common. 
Coming to the second row, many of the characteristic properties 
of the'members of the first row again appear, and the same 
regular modulation is met with in' passing along the series : 
thus helium exhibits a likeness to neon, lithium resembles 
^'sodium, carbon corresponds to silicon, fluorine to chlorine. 
These resemblances are seen both in the physical as well 
as in the chemical properties of the elements, thus lithium and 
sodium are both soft white metals, and are strongly electro¬ 
positive.' Fluorine and chlorine are both pungent corrosive 
gases, and are intensely electro-negative, while helium and neon 
are neither electro-positive nor electro-negative, have no 
chemical properties whatever, and therefore no valency. 

Regarding then the eight elements of the first row as a period, 
we find that the various properties exhibited by the several 
members are met with again in those of the second period. 

Not-only do the properties of the elements themselves re-ap- 
pear but also those possessed by the various compounds they 
form—thus lithum chloride (LiCl) and sodium chloride (NaOl) 
strongly resemble one another. The oxides of beryllium and 
magnesium (BeO and MgO) have similar jiroperties. The 
compounds of fluorine and chlorine with hydrogen (HF and HCl) 
resemble each other, and so on. 

This periodic re-appearance of similar properties, exhibited 
by the elements and their compounds as the atomic weights of 
the former gradually increase, is thus stated by Mendeleeff in 
his Periodic Law :— The prcyperties of the elemenU, as well as 
the ^properties of their conypotinds form a periodic function of their 
atomic weights. 

When the tabulation of the elements on his basis is conti¬ 
nued after the completion of the second period with chlorine, 
it will be seen that, beginning with argon, eighteen elements 
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have to be arranged bofo^e we' meet with the re<appearanoe of 
those properties that belong to the first :— 


A 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

(Fe 

Co 

Ni) 

40 

39 

40 

45 

48 

61 

52 

66 

56 

59 

69 



Cu 

Zn 

Ga 

Ge 

As 

Be 

Br 





63*5 

65 

70 

72 

76 

79 

80 




This constitutes what is known as a long period, incontra¬ 
distinction to the two first, which are distinguished as short 
periods. In certain respects, however, the last seven elements 
in this long period exhibit certain amount of resemblances to 
the seven in the first portion (counting after Argon)} that is to 
say, the properties displayed by the members of the first shott 
period, which is known as the typical period, re-appear twice over 
in the long period. The three elements within the brackets are 
termed by Mendeleeff transitional elements. 

Continuing the arrangement from bromine, another long 
period occurs, again containing three transitional elements — 

Kr Eb Sr Y Zr Cb Mo (Ru Rh Pd) 

83 85 87*6 89 90*7 93*5 95 — 101 103 106 

Ag Cd In Sn 8b Te 1 
103 112 115 119 121*7 127*5 126*9 

After Iodine comes Xenon and then beginning with Xenon, 
thirty-two elements liave to be traversed before we can meet 
with the same sequence of i)roportie8. This period containing 
32 elements with another set of three transitional elements and 
15 rare-earth elements, is called a ‘oery long period or monster 
2 )criod. The rare-earth elements are all placed in one grouff. 

Then comes a fragmentary period containing only 6 elements 
all of which are radio-active. It ends with Uranium, the element 
with the highest atomic weight known. 

Those elements that fall in the first eight places of the long 
periods are stated to form the even series, while the last seven 
are distinguished as forming the odd series. 

In this manner the elements are arranged in. nine vertical 
groups. The first of these groups contains the so-called “inert 
gases”. And as the system of numbering the groups of elements 
in the periodic arrangement has become familiarised by long , 
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use, this group containing the ‘‘inert gases’* has been numbered 
Group O, and the systecoatic numbering of' the other groups 
begins as usual. The last group, viz,y the Group VIII, contains 
the transitional elements that come between the even and odd 
series of the long periods. 

In each of the rbmaining seven groups, the elements belong¬ 
ing to the even series of their respective long periods, are placed 
to the left, while those belonging to the odd series are arranged 
on J]he,right-band side of each vertical column. In this way 
thp groujps are divided into the sub-divisions A and B, in which 
the. resemblance between the members is most pronounced. 
Thus, in Group 11, although there are certain properties common 
to'all t)ie.‘members there is a much closer similarity existing 
between the elements calcium, strontium and barium than 
* between zinc and calcium, cadmium and barium. The elements 
in the two short periods have been placed in that sub-division 
with the members to which they exhibit the closer resemblance. 
Thus, in Group I, lithium and sodium are more allied to 
potassium, rubidium, and caesium, than to copper, silver and 
gold ; while in Group VII fluorine and chlorine are placed 
in the same family with bromine and iodine, with which they 
exhibit a close similarity. 


Periodicity in the properties of the elements, when arranged 
in the Periodic Table is shown by the physical properties like 
n>olting point, boiling point, specific gravity, conductivity for 
heat and electricity etc., and is best illustrated by the atomic 


volume curve. 


Atomic volume of an 


element is 


At, wL 
Sp. gr. 


for the 


element. When the values for atomic volumes are plotted 
against at. wts. of elements, with at. wts. as abscissas and at. 
volumes as ordinates, a curve is obtained, which is distinctly 
periodic. 


The periodicity in the chemical properties of the elements 
when arranged in the Periodic Table is seen by taking into 
consideration valency and electro-chemical character of the 
elements. 

.(a) Valency ,—The elements of Group O have zero valency. 
The valencies of the elements towards hydrogen increase 
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regularly from 1 to 4 while passing from Group I to Group lY 
and then diminish from 3 upto 1 from Group V to Group VIT» 
as is evidenced from the formation of compounds like 

LiH, CaHa. (BH3)2 CH*, NHs, SHa, FH, 

The valencies towards oxygen, on the other hand, increase 
regularly from 1 to 8 as we pass on from Group I to Group 
VIII, as illustrated by formation of compounds like 

LiaO BeO BaOg COa NaOg SO3 ClaOx OSO4. 

(6) Electro-chemical character ,—In Group I we find thV 
elements which are highly electro-positive. Then gradually the 
electro-positive character diminishes until in Group IV' we 
find elements like C, Si, etc. ■which are electrically indifferent 
Then from Group V upto VII the electro-ne^gative character- 
makes its appearance and the elements of Group VII are^ , 
highly electro-negative. Then from highly electro-negative 
elements like F or Cl, the transition to the highly electro-positive 
elements like Na or K takes place through elements like Ne 01 ; 

A which have no valency and therefore of electrical characte^r 
infinity. Hence a regular periodicity is exhibited in electro¬ 
chemical character, when we consider the elements as arranged 
in the Periodic Table. 

Usefulness of the Periodic Table :— 

The uses of the Periodic system are found 

1. In the classification of the elements :—It is the best of all 
the methods of classifying the elements. It has rendered the 
study of about 90 elements into that of nine vertical groups. 

2. In correcting doubtful Atomic weights .—One example ^ill 
make this clear. The equivalent weight of Indium was found to> 
be 38. Its at. wt. was taken as 2 x 38 = 76. In that case 
Indium is to be placed between Arsenic and Selenium. But 
there was no room for such an element there. Mendeleeff, 
judging from its properties, suggested that Indium should have 
an atomic weight 3x38 = 114 which would place it between 
Cadmium and Tin, where it fits very well. The subsequent 
determination of the atomic heat of Indium and thence its at. 
wt. corroborated this change and the correct at.*wt, of Indium 
is taken as 114 and not 76. 

3 . In the prediction of new elements .—At the time when the 



62 


c. U. QUESTIONS WITH ANSWERS. ON 


[ 1942 ’ 


Periodic law was first formulated, there were three gaps in the 
system in the first long period, viz,. No. 4 in the even series 
'( now occupied by Scandium )f and Nos. 3 and 4 in the odd. 
series (now filled by Gallium and Germanium). To the 
unknown elements which were destined to occupy those posi¬ 
tions, Mendeleeff gave the names eka-hoion, eha-aluminium, and 
eka-silicon and from the known properties of the neighbouring 
elements of the series and also of those situated nearest in the 
same family, he predicted some of the prominent properties 
that would probably be possessed by these elements- These 
predictions came out to be true when in 1875 Lecoq de 
Boisbaudran discovered Gallium tallying in properties with 
eka-aluminium. Discovery of Scandium (Nilson 1879) and 
Germanium ( Winkler, 1886 ) whose properties were found to 
accord closely with those of eka-boron and eka-silicon respec¬ 
tively formed an additional demonstration of the truth of the 
Periodic law. 

• Defects of the Periodic classification :— 

I 

1. The position of Hydrogen is yet open to discussion. It 
is monovalent and so can be placed either in Group I with the 
alkali metals or in Group VII with the halogens. The only 
argument for placing Hydrogen with the alkali metals is that it 
is an electro-positive element like the alkali metals. Arguments 
in favour of placing Hydrogen in Group VII with the halo* 
gens are :— 

(1) Like the first two members of the halogen family, vis., F 
and Cl, it is a gas. (2) Like the halogens, its molecules are 
diatomic. (3) It may be replaced, atom for atom, from organic 
■compounds, by the halogens. (4) Just as the metals form 
halides with the halogens, similarly alkali metals and the 
alkaline earths form definite hydrides with Hydrogen and in 
these hydries Hydrogen behaves as an electro-negative element. 
(5) If Hydrogen be placed in Group VII, the difference between 
the at. wts. of Hydrogen and its next congener Fluorine 
is' 18 which is the usual difference between the atomic wts. 
of two successive elements in the same group in the first two 
short periods ; but this sequence is broken, if it be placed in 
Group I. To avoid these diflSculties Hydrogen has been placed 
at the head of the table in a separate series by itself. 



llilTBBMBDIAlE CHEMldTBY 


68 


m2] 


2 . In the case of some elements, the atonfic weight sequence 
is broken : thus in three sets 

• (ffl) Argon (39*9) and Potassitim (39'0) 

(b) Cobalt (68*9) and Nickel ( 68 * 6 ) 

(c) Tellurium < 127*6) and Iodine (126*9) 

Atomic wt. sequence is reversed on chemical grounds. 

3. There are fifteen rare-earth elements for which appro¬ 
priate places have not been found. 

4. The periodic classification according to atomic weights * 
overlooks certain chemical analogies. For example : 

(a) Copper, Silver and Gold have very little analogies with 
Sodium, Potassium, etc. and yet they have been placed in the 
same group with the alkali metals. Similarly, Manganese has 
been placed in the same group with the Halogens. 

(b) Copper and Mercury, Silver and Thallium, Barium and 
Lead, which appear to be chemically similar, are placed in 
separate groups. 

Q. 3. What are the most common ores from which silv^ is 
isolated ? Give a clear but concise account of the process involved 
in the separation of silver from its ores. Indicate the method for 
refining silver. 

A piece of stiver jewellery is given to you ; how will you 
prepare pure silver from it ? 

Ans. Silver is most commonly extracted from its sulphide 
and chloride ores and oftentimes from argentiferous galena, PbS. 
Important ores of silver are :— 

( 1 ) Argentite or Silver glance, AgsB 

( 2 ) Copper-silver glance or stromeyetrite, (Cu, Ag) 2 S 

(3;/ Ruby Silver or Pyrargyrite, SAggS, SbgSs 

(4) Horn silver or Chlorargyrite, AgCl 

( 6 ) Proustite, 3 Ag 2 S, AS 0 S 3 . 

Extraction of Silver :— 

Siver may be extracted from its ores either by a dry process 
or by a wet process. In the dry process silver ores are smelted 
with lead ores or with metallic lead, when an all 6 y of lead and 
silver is produced. When the lead-silver alloy is rich in silver, 
lead is removed by the cupellaticn process described below : but 
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when lead-silver alloy contains less than 1% of silver, it is 
subjected to a preliminary concentration process, either by 
Pattison’s process or by Parke's process and then subjected to 
cupellation process. 

Cupellation Process .—The alloy of lead and .silver, rich in 
silver, is placed ,in an oval-shaped dish, made of bone-ash or 
marl, called the cupel or test. The cupel is then fixed on the 
bed of a reverberatory furnace, heated strongly and a blast of 
air is projected on the alloy. 

Lead is oxidised to lead monoxide by the blast of air and the 
molten oxide of lead (litharge) overflows by the force of the 
blast into iron pots placed below. Silver escapes oxidation. 



Fig 13. 

Lead is completely oxidised and removed, and at the end the 
thin film of litharge, still left, is absorbed completely by the 
porous cupel. Then the bright surface of silver suddenly shows 
itself, the phenemenon being known as the fiashing of silver. 
The metal so produced is removed. 

When the lead-silver alloy contains less than 1% of silver, 
it is concentrated by Parkes’ process, now mostly in use. It is 
based upon the facts (1) that molten zinc and molen lead are 
nearly immiscible and (2) that silver is much more soluble in 
zinc than in lead. Hence, when zinc is added in molten 
condition to molten argentiferous lead, most of the silver goes 
to form an alloy with zinc* This alloy floats on the surface of 
molten lead. This, on cooling, solidifies before lead begins to 
solidify. This solid alloy of zinc and silver is therefore readily 
skimmed off by perforated ladles. This zinc-silver alloy is then 
distilled from plumbago retorts, when zinc distils over, leaving 
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behind silver .alloyed with a llitle lead. This lead-silver alloy 
rich in silver is then cupelled as described above. 

The action of zinc here is to extract silver from lead and 
alloy with the silver extracted forming a lighter and less fusible 
alloy than the alloy of lead and silver* From this zinc-silver 
alloy, zinc can be easily separated by the process of distillation, 
zinc being the most volatile metal of the three : zinc, silver and 
lead. 

The wet process for extraction of silver is by the cyanide 
process, which is now in most use. In this process, the finely 
crushed ore of silver is treated with a 0'7% solution of sodium 
cyanide in water. The mass is then well agitated by a current 
of air. Sodium cyanide dissolves silver sulphide, giving soluble 
sodium argento-cyanide, NaAg(GN)a. NagS, also formed during 
the reaction, tries to stop the reaction ; but it is oxidised by the 
current of air to sodium thiosulphate, NsaSaOs. 

AgaS +4NaCN -2NaAg(0N)a +NaaS. 

2 Na 2 S + 2 O 2 + H 2 O « NagSsOs + 2NaOH. 

The silver is then precipitated from the filtered solution by 
the addition of scrap zinc or aluminium powder. 

2 NaAg(CN )2 + Zn = 2Ag + Na 2 Zn( 0 N) 4 . 

Method for refining silver :— 

Silver can be made in a state of great purity. It is preci¬ 
pitated from a solution of pure silver nitrate with grape sugar. 
The product is next fused in a boat made of pure quicklime. 
The fusion is to be carried out in hydrogen or in a vacuum, for 
molten silver absorbs considerable quantities of oxygen, which 
are mostly given out on cooling. By this process Bicbard and 
his co-workers were able to prepare 99*999 per cent, pure silver. 

Silver can also be refined by an electrolytic process. The 
electrolyte is a weak solution of silver nitrate (5 to 10%) 0007 
taiiiing 1% free nitric acid, taken in a cell. The cathode is Si 
thin plate of pure silver and the anode is a thick slab of impure 
silver to be refined, both dipped in the solution of AgNOs con¬ 
taining HNO» as mentioned before. Electric current is then 
passed through the solution in the cell at E.M.F» of.aboqt 1*5 
volts. Silver is deposited on.the cathode and .popper« gold ,eto.» 
passed into solution in the bath or are deposited at tho bnt^m. 
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Copper in the bath should not be allowed to accumulate beyond. 
6%. Deposited silver is scraped off, well-washed, melted in an 
atmosphere of hydrogen and cast into slabs. This silver is 99*9 
per cent. pure. 

From a piece of silver jewellery, containing Ou and other 
metals alloyed with silver, pure silver can be obtained by the 
following operations :—First of all it is to be cut to small pieces 
and dissolved in strong nitric acid and the solution is evapo¬ 
rated to dryness on a water bath. The residue is then dissolved 
again in distilled water. The aqueous solution is then taken 
in. a beaker and dilute hydrochloric acid is added to it till 
percipitation is complete. By this means silver chloride is 
obtained as a precipitate. The solution, with AgCl as preci¬ 
pitate, is heated to boiling, filtered and the precipitate of AgCl 
is well washed with hot water. AgOl is next thoroughly dried 
and fused with pure NasGOs inside a crucible made of pure lime 
when a button of pure silver is obtained. Ag + 2 HNO 3 *= AgNOa 
+ NO 2 +H 2 O; AgN08+HOI»AgCl+ HNO3. 

4AgCl + 2Na2C08 = 4Ag + 4Na01 + 200^ + O 2 . 

Q. 4. A mixture is susveeted to contain salts of copper^ iron 
and aluminium* How do you propose to separate the metals and 
isolate them in the form of characteristic salt in each case ? 

Explain clearly the principle involved, 

' Ans. The mixture containing the salts of copper, iron and 
aluminium is dissolved in water or in dilute hydrochloric acid. 
Since these are all salts, most probably they will dissolve 
ih HOI. 

The HCl solution is heated to boiling and H 2 S gas is passed 
into it till the precipitation is complete. Black precipitate of 
CuS from copper salt present in solution is produced. Iron 
and aluminium remain in solution, for their sulphides are soluble 
in acids. 

The black ppt. of CuS is separated by filtration, and the 
filtrate contains all the iron and aluminium in solution. 

Thus copper is obtained as copper sulphide, a salt of copper. 

The filtrate is boiled to remove all H 2 S and then a few 
drops of cone. HN 08 added to convert ferrous salt to the ferric 
state. About 1 gram of NH 4 CI is then added to the solution 
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and the hot solution is treated with NH^OH till the solution 
smolls strongly of ammonia. 

Brown precipitate consisting of ferric hydroxide and alu¬ 
minium hydroxide is now obtained. The flolution containing the 
precipitate is then filtered and washed with hot water. The 
precipitate is then transferred to a beaker, dissolved in the least 
quantity of dil. HCl, the acid neutralised with NaOH solution 
and then made alkaline with addition of 5 c.c. more of NaOH 
solution. Then about 1 gram of Na2 0.2 is added to it with 
stirring. The mixture is boiled for 2 or 3 minutes and then 
sufficiently diluted and filtered. The residue is ferric hydroxide 
and aluminium hydroxide passes in the filtrate as sodium alumi- 
nate NaA102. 

The residue of ferric hydroxide after thorough washing is 
dissolved in dilute H2SO4 and the solution concentrated to 
crystallisation, when crystals of ferric sulphate, ^62(804)9, 
separate out. 

From the filtrate, aluminium hydroxide is precipitated by 
boiling with NH4OL This A1(0H)3 is filtered and washed 
thoroughly, and then dissolved in dil. HgSO* and the solution 
so obtained is evaporated to crystallisation. Thus crystals of 
aluminium sulphate, Al2(S04)3, I8H2O, are obtained. 

The principles involved herein are the following :—Of the 
three metals mentioned to be present, only copper can be • 
precipitated as sulphide from HOI solution, but neither iron 
nor aluminium. So copper can be readily separated as CuS by 
passing H28 through HGl solution of the salts of the metals 5 
mentioned. 

Iron and aluminium can both be precipitated as their 
hydroxides by NH4OH in presence of ammonium salts, after 
separation of copper and removal of H2S by boiling, iron being 
converted fully to the ferric state* Hence the use of a few 
drops of HNO3 after removal of H28 by boiling, for conversion 
of any ferrous salt present or formed due to the reducing action 
of HaS to the ferric state. 

The separation of iron from aluminium depends upon the 
ready solubility of aluminium hydroxide in NaaOa and insolubi¬ 
lity of ferric hydroxide in the same* Aluminium passes into solu¬ 
tion as sodium aluminate, NaAlOa. 
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Q. 6. What are the ingredients that are- necessary for the 
preparation of the compounds ;-^{a) Bleaching powder^ (h) Lead 
peroxide, (c) Orthophosphoric acid and (d) Ferrous ammonium 
sulphate. 

Mention the experimental cemditions necessary to bring about 
the reaction. Write clearly the equations to represent the 
changes. State the uses of the above substances, if any, 

Ans. (a) For the preparation of bleaching power the- 
ingredients necessary are dry slaked lime, Oa(OH )2 and chlorine- 
gas free from HOI and CO 2 . 

. It is prepared by spreading dry slaked lime over the floor of a 
closed lead chamber provided with glass doors and widows and 
the limeJs raked into furrows to expose a large surface. Some¬ 
what diluted chlorine free from HOI and CO 2 is led in. Chlorine 
is at first rapidly absorbed, but the reaction afterwards slows, 
down. The lime is raked up from time to time. The excess of 
chlorine which is left unabsorbed is removed by dusting in lime 
into the room by a special fan arrangement. The temperature 
is maintained at 35—40‘*C. 

Ca(OH) 2 + 01 2 « Ca(001)01 + H 2 O. 

Uses. —Bleaching powder is used for bleaching purposes and 
also as a disinfectant. 

{b) Lead pet'oxide. —Red lead, PbsO^, and concentrated nitric 
acid, HNO3, are the ingredients necessary for its preparation. 

Cold cOno. HNO 3 is added to red lead and the mixture 
thoroughly stirred. The solution is then diluted, filtered and 
lead peroxide. Pb 02 , formed is washed and dried. 

Pb 304 + 4HNOs = 2 PbfN 03)2 + 2 H 2 O + PbOg. 

Uses. —It is used in the manufacture of matches, in the 
storage battery and as an oxidising agent. 

(c) Orthophosphoric acid, HsPO.i. 

Bone-ash and dilute sulphuric acid are the ingredients 
necessary for its preparation. 

Bone-ash is digested with requisite amount of dilute sul¬ 
phuric acid for the several hours. The precipitated calcium 



1942] INTEBMBDIATB CHBMISTB^ . 69 
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sulphate id filtered off and the filtrate concentrated to a syrupy 
•consistency. 

0a8'(PO4)2 *i“ 3 H 2 SO 4 SCaSO^ 4* 2 S 3 P 04 . 

This gives only 80% orthophosphoric acid. The best way 
to get the pure acid is to start with red phosphorus and cone* 
HNO3. Bed phosphorus is boiled with cone. HNOb in a flask 
provided with an upright condenser. When all the phosphorus 
has gone into solution and the evolution of the red fumes has 
•ceased, a little of the solution is taken out, diluted and treated 
with silver nitrate solution. If there be any black precipitate^ 
a little more cone. HNOs is added and boiling continued, so 
that phosphorous acid, HaPOa, formed may be oxidised to 
phosphoric acid, H3PO4. 

4 P + lOHNOa + HoO “ 4H3PO4 + 5 NO + 5NO2. 

• • 

* • • 

The liquid is then poured in a procelain basin, and evaporated 
over a small flame till the temperature rises just to 180'*O. The 
basin containing the hot liquid is then placed in a vaccum desicca¬ 
tor over concentrated H2SO4 and the desiccator is cooled in a 
freezing mixture of ice and salt, when crystals of orthophos¬ 
phoric acid slowly separate. These crystals, which are 
deliquesent, have a melting point of 38’6®C. 

Uses .—Orthophosphoric acid is used in the preparation of 
lemonades, as a preservative of hydrogen peroxide, and some¬ 
times for preparation of phosphates. 

(fZ) Ferrous ammonium sulphate or Mohr’s salt 
(NH4)3S04,PeS04,6H20. Ingredients necessary for its prepara¬ 
tion are ferrous sulphate and ammonium sulphate. Green vitriol, 
PeS04 7H20, crystals and ammonium sulphate are taken in 
equimolecular proportion and dissolved in warm water to 
produce a saturated solution. The solutions are then filtered 
and mixed together. On cooling, crystals of ferrous ammonium 
sulphate separate out. These are filtered and dried in a vacuum 
desiccator over cone. H2SO4. 

Peso. +(NH*),80* +6H,0 = PeS0.. (NH*),SO., 6H2O. 

Uses .—This salt is used in the laboratory in ' volumetric 
analysis, since it is known to contain iron to the extent of one- 
seventh of its molecular weight. 
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Q. 6 . Kcm do an add, a base and an add salt . behave ? 
What are your reasons for calling hydrochlorict sulphuric and 
phosphoric adds, monobasic, dibasic and trihasio respectively ? 
What method would you adopt for preparing an add salt of one* 
of these adds ? 

Ans. Acid ,—acid solution is capable of turning blue 
litmus red and methyl orange pink* When added to a carbonate, 
effervescence will occur. It will react with a base producing 
salt and water. According to ionic theory, an acid will give 
hydrogen ions in water solution. 

Base .—When in solution a base is capable turning red 
litums blue, methyl orange yellow and phenophthalein pink. 
It will react with an acid producing salt and water. According 
to ionic theory, a base, when present in water solution, gives 
hydroxyl ions. 

Acid salt .—Soluble acid salts usually turn blue litmus 
ISolution red. These are capable of reacting with further 
quantities of base, producing a normal salt and water. These 
will also effervesce usually with a carbonate. 

Hydrochloric acid is monobasic, because it contains one atom 
of replaceable hydrogen. It is found to be capable of giving rise 
only to normal salts, no acid salt being known. 

HGl + NaOH « NaCl + H ^O. 

Sulphuric acid is dibasic because it contains two atoms of 
replaceable hydrogen. Hydrogen present in sulphuric acid can 
be replaced in stages. By adding half the quantity of caustic 
soda required to neutralise fully the acid, and then crystallising, 
sodium bisulphate is produced. Only one acid salt, viz., this 
acid sodium sulphate, is known in the case of this acid. When 
exact quantity of caustic soda required to neutralise sulphuric 
acid is added to the acid and the mixture crystallised, normal 
sodium sulphate is obtained. 

H aSO., + NaOH = NaHS04 + H aO. 

H2SO4 + 2 NaOH = Na2S04 + 2H2O. 

Phosphoric acid is tribasici for it contains three atoms of 
replaceable hydrogen* By successive addition of NaOH in 
stages, we can get two acid salts, NaHa^04 and Na 2 HP 04 aud 
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one normal salt, NasPO^. Thus it is proved that phosphoric 
acid is tribasic in character. 

Preparation of cusid salt ,—A certain quantity of sulphuric 
acid is taken in a beaker and this quantity is divided exactly 
into two equal halves and taken in two different beakers. 
Sulphuric acid contained in one beaker is exactly neutralised 
with caustic soda solution by using litmus* as indicator. To 
this neutralised solution the other half of sulphuric acid is 
added and the mixed solution is then evaporatod to dryhess, 
when crystals of sodium hydrogen sulphate, NaHSO^. an acid 
salt, are obtained, 

Q. 7 . To what class of substances^ oxidising or reducing 
agents^ do the following belong : sulphur dioxide, nitric acid, 
carbon monoxide and chlorine ? 

Describe an experiment in each case to justify your classifica¬ 
tion and also give arguments in favour of your conclusion, ^ 

Ans. Sulphur dioxide .—Usually a strong reducing agent. 

Experiment .—Sulphur dioxide is passed into ferric chloride 
solution acidified with hydrochloric acid. The solution .changes 
in colour from yellow to nearly colourless (slightly greenish), 

SFeCla + SO2 + 2 H ..0 = 2FeCl2 + H2SO4 + 2HC1. 

When ammonium thiocyanate is added to ‘ ferric chloride 
solution originally taken, a blood-red coloration is produced. 
But the colourless solution obtained by treatment of ferric 
chloride solution with SO2 when treated with ammonium 
thiocyanate, gives no blood-red coloration, showing thereby 
that no ferric ion is present in the solution. But an addition 
of a solution of potassium ferrocyanide to the colourless solution 
produced by treatment with SO2. causes a deep blue ppt. to be 
formed. This shows the presence of ferrous ion in the solution. 
At the same time, if we add Ba0l2 solution to the colourless 
solution obtained by treating with SO2, a white precipitate, 
insoluble in HGl, is obtained. This proves the presence of sul¬ 
phate ion in the solution. 

Thus, here ferric chloride is changed into ferrous chloride 
with the reduction in the proportion of electronegative element 
chlorine in the compound ferric chloride, whereas SO2 is 



72 C. U. QUESTIONS WITH ANSWERS ON [1942 

oxidised into SOa which with water • gives snlphnric acid with 
an increase in the proportion of electro-negative element, 

Hence sulphur dioxide is a reducing agent. 

But sometimes sulphur dioxide acts as an oxidising agent. 

Experiment —SO* is passed into a solution of HgSin water. 
Sulphur is precipitated as is observed from the milkiness of the 
solution and by burning a little of the solid separating in the 
reaction when smell of SO 2 is perceived. 

2HaS + SO 2 “ 2 H 2 O + 3S. 

Here hydrogen, an electro-positive element, is removed from 
the compound sulphuretted hydrogen and so it is oxidised, 
whereas sulphur dioxide loses oxygen, an electro*negative 
element and so it is reduced. 

Nitric acid is a strong oxidising agent. 

Experiment —Some pure FeS 04 solution is dissolved in 
air-free water. A little of it is taken in a test tube and 
potassium ferrocyanide solution is added to it. No blue precij)!- 
tate is formed. Then the original ferrous sulphate solution is 
boiled with cone. HNO3 and sulphuric acid. The solution is 
cooled and then treated with potassium ferrocyanide solution. 
A deep-blue precipitate is obtained. This proves the presence 
of ferric ion in the solution. Thus ferrous sulphate is oxidised 
to ferric sulphate since there is an increase in the proportion of 
electro-negative part in the compound ferrous sulphate. At the 
same time nitric acid is reduced to nitric oxide as is observed 
during the addition of nitric acid to ferrous sulphate solution 
which turns deep brown due to the absorption of NO produced 
by unchanged ferrous sulphate with the formation of the 
compound FeS 04 , NO. 

6 FeS 04 + 3 H 2 SO 4 + 2 HNO 3 * 3 Fe 2 (S 04)3 + 2NO + 4 H 2 O. 

Therefore, nitric acid is a strong oxidising agent. 

Carbon monoxide is a strong reducing agent. 

Experiment. —Black copper oxide is heated in a bulb tube 
and carbon monoxide is passed over it. The gas coming put of 
the tube is passed into lime water when the lime water is found 
to turn milky, proving thereby that carbon dioxide has been 
produced. At the same time black oxide of copper is changed 
into red metallic copper. Thus, copper oxide is reduced to 
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metallic copper by loss 6 f oxygen, an eleotro-negative elefnent, 
and carbon monoxide is oxidised to carbon dioxide by addition 
of oxygen, an electro-negative element. 

CuO+CO^Cu + COa. 

• Therefore, carbon monoxide is a reducing agent. 

(Jhlorine iB a strong oxidising agent. 

Experiment —Chlorine is passed into a solution of sulphur 
dioxide in water. The greenish-yellow colour of chlorine dis¬ 
appears. The solution of sulphur dioxide in water produces a 
white precipitate with BaCla solution, but the white ppt. 
dissolves in HCl. After passing chlorine through the solution of 
SOa in water. BaOla sol. produces a white ppt. insoluble in HCl 
proving thereby that sulphate ions are present in the* solution. 
Thus SO2 is oxidised to 8O3 (which with water produces sul¬ 
phuric acid) by addition of oxygen, an electro-negative element. 
At the same time AgNOa sol. gives a curdy white ppt. in¬ 
soluble in HNO3 but soluble in NH4OH, prpving thereby that 
chloride ion is present in the solution. Chlorine is reduced to 
HCl by addition of hydrogen, an electro-positive element.' 

SO2 + CI2 + 2H2O = H2SO4 + 2HC1. 

Hence chlorine is a strong oxidising agent. 

Q- 8. The gaseous product of a lime kiln was led into a 
solution of sodium hydroxide witil no further quantity of the gas 
was absorbed. The solid product thus obtained was heated at a 
rather elevated temperature for a sufficiently long time and then 
it was crystallised from water. The product was next tr^ted 
separately with a solution of bleaching powder, iodine and hydros 
gen chloride. What toere the products finally obtained ? 

Describe the changes that occurredy illustrating your answer 
with equations. 

Ans. The lime kiln gas is carbon dioxide, produced therein 
by the decomposition of limestone, CaCOa. 

OaCOs-CaO + COa. 

When carbon dioxide^ thus obtained, is led into a solution 
of sodium hydroxide, CO a is absorbed by NaOH with the forma* 
tk>n of sodium carbonate at the first instance, but on passing 
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COs continuonsly to sataration, soditim bicarbonate is produced. 

2 Na 0 H + C 02 “NaaOOs +H2O 
NaaCOs +Ha 0 + 002 = 2 NaHC 08 . 

The solid product that separates out is sodium bicarbonate. 
When this sodium bicarbonate is heated at a rather elevated 
temperature for a sufficiently long time it is converted into 
sodium carbonate with evolution of carbon dioxide and water 
in the form of steam. 

2NaH003 “NaaOOs+H8O + CO2. 

When this sodium carbonate is crystallised from water, we 
get crystals of sodium carbonate decahydrate, Na2G03, IOH2O. 

(a) When this sodium carbonate decahydrate is treated 
with a solution bleaching powder, calcium carbonate is pre- 
. cipitated, and sodium chloride and sodium hypochlorite are 
formed in solution. 

Ca(OCl) Ol + NaaGOs =GaGOs +NaGl + NaOGl. 

(h) A solution of iodine contains hydriodic acid and hypo- 
iodpus acid. Hydriodic acid gives iodide with sodium carbonate 
and hypo-iodoua acid produces sodium hypo-iodite. But alkali 
hypo-iodite is hydrolysed by water into hypo-iodous acid even 
in presence of alkali* Thus, after addition of a solution of iodine 
. to sodium carbonate decahydrate, the solution contains sodium 
iodide and hypo-iodous acid. 

I3 + H2O-HI + HOI 

NasGOs + 2 HI = 2 NaI + GOa + HaO 

NaaGOa + 2HOI+ 2NaOI + H2O +GO^ 

NaOI + H20?=iNa0H + HOI. 

Thus at the end we have in the solution sodium iodide, 
hypo-iodous acid, a little sodium hypo-iodite and caustic soda. 

(c) When a solution of hydrogen chloride is added to 
sodium carbonate, carbon dioxide is evolved and sodium chloride 
is formed along with water. The solution effervesces due to 
rapid evolution of carbon dioxide. 

NaaGOs+2HGl = 2NaGl + G0a+H20. 
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Q. 1 . Explain and illustrate what you understand by 
electrolysis** 

State Faraday s laws of electrolysis* 

Row would you proceed to determine the equivalent weight of 
copper by electrolysis of a copper sulphate solution ? 

Ans. Blectrolysis is the process in which an eletrolytO' 
(generally aqueous solutions of acids, bases, or salts or fused 
alkalies or fused salts) is decomposed by the passage of an elec¬ 
tric current through it, so that the products of decomposition 
are obtained at different electrodes placed inside the solution of 
the electrolyte or in the fused electrolyte. 

Indeed, the aqueous solution of the electrolyte or the fused, 
electrolyte is not really undergoing decomposition by the passage 
of the current but dissociated ions are already present in elec* 
trolytes under the conditions mentioned. The ions carrying 
electric charges are discharged at the oppositely charged elec¬ 
trodes and after neutralisation of their charges the discharged 
ions collect as ordinary molecules at the respective electrodes, 
the positively charged ions at the cathode and negatively charged 
ions at the anode. 

Ans. Faraday* s laws of electrolysis : These are two in number. 

( 1 ) The mass of an ion liberated during electrolysis is 
directly proportional to the strength of the current and to the 
time during which the current flows, «.e., to the quantity of 
electricity flowing through the circuit. 

Thus, if W be the mass in grams of an ion liberated, 0 th& 
strength of the current in ampere and t the time in second 
during which the current flows, W < Ct, or W^ZCt^ where Z is 
a constant. Now when C = 1 amp. and ^ = 1 sec., then TT** Z =* 
mass of ion liberated by unit quantity of electricity. This quan¬ 
tity Z is called the electro-chemical equivalent of the substance. 
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(2) When the same quantity of electricity is passed through 
different eleetrolytes, the relative masses of ions liberated' are 
proportional fo their chemical equivalents* 

A copper voltameter, con¬ 
taining pure copper sulphate 
solution acidified with diL 
H 2 SO 4 and a water voltameter 
containing acidulated water 
are joined in series with two 
storage cells and a plug key in 
the circuit (Fig. 14). 

The plug is taken out. The 
copper cathode of the copper 
voltameter is then taken out 
and cleansed, first by rubbing it 
with sand paper, then washing 
Fig, 14. with very dilute HNO 3 , next 

with tap water and finally with distilled water and the copper 
cathode is then dried in a hot airbath. The clean, dry copper 
cathode is then weighed in a chemical balance carefully. Two 
gas measuring tubes are filled with acidulated water and is 
inverted over the two electrodes of the water voltameter. The 
weighed copper cathode is then replaced and the plug is then 
put in. The same current then passes simultaneously through 
the two voltameters. The current is allowed to pass for about 
half an hour. The copper cathode is then taken out and the 
deposit is examined which is found to be a smooth, salmon- 
coloured uniform deposit of copper in case the experiment is 
properly performed. The copper cathode is next washed with 
distilled water very carefully and then dried by gently warming 
it by holding it above a Bunsen flame. Care must be taken 
to avoid oxidation of the surface of the deposited copper. The 
cathode is then carefully weighed. The gas measuring tube, 
placed over the cathode of the water voltameter in which 
hydrogen has collected, is removed from over the cathode after 
closing it with the thumb and immersed in a tall jar of water. 
The volume of hydrogen collected is measured after adjusting 
the levels of water inside and outside the tube to the same 
height. The temperature of water in the tall jar is noted. 
This is also the temperature of hydrogen. The barometer 
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reading is also taken. * This volume of hydrogen is then' oorreet* 
ted -to N.T.P. allowing for the aqueous tension. Let F. c.c. 
be the volume of hydrogen at N*T.P* 

The weight of hydrogen, liberated during the time a certain 
weight, say W. grams, of copper (as obtained from the difference 
in weighings of the copper cathode at the beginning and end 
of the experiment) is collected is Fx ’00009 grams. Then, the* 
equivalent weight of copper is that weight of it which is 
liberated during the time 1 gram of hydrogen is oolleoted by 
electrolysis, as follows from the 2nd law of electrolysis' as stated 
by Faraday. 

W 

Therefore, Equivalent weight of “QQQQg 

Q. 2. Describe two niethodsfor the pr^aration of hydrogen 

from a solution of caiistic soda. * . 

■ 

Under what conditioyis does hydrogen act best as a reducing 
agent ? 

Hoio would you employ hydrogen for reducing :— 

* 

{a) Govper oxide, (6) a solution of ferric chloride ? Prove' 
that a molecule of hydrogen consists at least of two atoms* 

Ans- {i) Hydrogen can be obtained from caustic soda by 
boiling a strong solution of caustic soda with powdered zinc 
or aluminium in a flask x^rovided with a cork and a delivery tube, 
the hydrogen evolved being collected by displacement of water. 

Zn + 2NaOH =Na2Zn02+H 2 
2A1 + 2NaOH + 2 H 2 O 2NaA102 + 3Ha. 

(/v) Hydrogen can also be obtained from caustic soda by 
the electrolysis of fused caustic soda in an iron vessel set in a*' 
suitable brick-work, the cathode being an iron rod inserted 
through the bottom and kept in position by allowing the caustic 
soda in the lower narrow part of the vessel to solidify and the 
a cylinder of nickel. Hydrogen, along with sodiumi is 
liberated at the cathode. Hydrogen collects in an iron vessel^, 
suspended from the top of the vessel, open at the bottom but 
closed with a lid at the top. Hydrogen escapes from the lid and. 
is collected. ’ 
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Hydrogen acts as a reducing agent either in the nascent 
eiaiet i»©., if the hydrogen be allowed to be evolved in the Boln> 
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Fig. 15. 

tion which is to be reduced, or when the substance to be reduced 
is strongly heated before hydrogen gas is passed over it. 

(a) Copper oxide is taken in a bulb tube and heated to red 
heat when all the air from the bulb tube is displaced by 
hydrogen. The current of hydrogen is continued for a certain 
length of time when red metallic copper is produced. The dame 
is removed and the tube is cooled in the atmosphere of hydrogen. 

OuO + H2 ‘=0u + H20. 

(5) The solution of ferric chloride is taken in a beaker and 
HOI is added to it. Granulated zinc is dropped into it. Hydro¬ 
gen is liberated in the nascent state and this nascent hydrogen 
reduces ferric chloride, as is evidenced from the change of colour 
of the solution from yellow to colourless (faintly greenish). 

Zn + 2HCl«ZnCla + 2H 
2FeCl8 + 2H « 2FeCla + 2HC1. 

From actual experiment we know that 1 vol. of hydrogen 
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combines with 1 vol. of chlorine to produce 2 vols. of hydro¬ 
chlorine acid gas. 

Let n be the number of molecules present in 1 vol. of 
hydrogen. 

Then, from A.vogadro’s hypothesis, we have n molecules of 
hydrogen combining with n molecules of chlorine give rise to 
2n molecules of hydrochloric acid gas ; 

Or, 1 molecule of hydrogen combining with one molecule of 
chlorine produces 2 molecules of hydrochloric acid gas. Now, 
since hydrochloric acid gas is a compound of hydrogen and 
chlorine only, each molecule of hydrochloric acid gas must 
contain at least 1 atom of hydrogen and 1 atom of chlorine, 
since atoms are indivisible. Therefore, 2 molecules of hydro¬ 
chloric acid gas must contain at least 2 atoms of hydrogen and 
2 atoms of chlorine. Now. these 2 atoms of hydrogen in 2 
molecules of hydrochloric acid gas must have come from 1 njole- 
cule of hydrogen. Thus it is proved that a molecule of hydrogen 
consists at leant of 2 atoms of hydrogen. 

Q. 3. Describe how would you determine the composition of 
carbon dioxide by weight and by volume* Deduce its molecular 
formula from the results* 

How would you account for its presence in the atmosphere ■ 
almost in constant quantities ? What function does it play in 
the groioth of plants 9 

Ans. Composition of carbon dioxide by weight:— 

A porcelain boat is taken and accurately weighed. Some 
pure sugar charcoal is taken in the porcelain boat and the boat 
with the sugar charcoal is weighed again. The boat is next 
introduced into a hard glass tube, about i part in which is filled 
up with coarse copper oxide (CuO). The hard glass tube is then 
placed in a furnace. The end of the tube nearer the porcelain 
boat is connected, through fj-tubes, A and B, A being filled 
with KOH and B with glass beads and concentrated H 2 SO 4 , to 
an apparatus for supplying pure dry oxygen. The other end 
of the bard glass tube is joined with a potash bulb C containing 
a strong solution of KOH and a GaCl 2 -tube D* The potash 
bulb together with the GaCl 2 -tube is weighed carefully at the 
beginning of the experiment. 
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A slow current of pure and dry oxygen, freed from CO 2 
bubbling through KOH and dried by passing through conc^ 



Fig. 16. 

H 2 SO 4 , is passed through the apparatus. The apparatus is- 
fitted in such a fashion that it is airtight. The potash bulb 
with the 0 a 0 l 2 -tube is then fitted at the other end. The bard 
glass tube is then heated gradually, at first the CuO portion 
being heated and the portion of the tube containing the boat 
being heated last. Sugar charcoal, taken in the boat, burns to 
carbon dioxide which passes on and is absorbed in the potash 
bulb. Any carbon monoxide that is produced due to incomplete 
combustion of sugar charcoal is oxidised into carbon dioxide 
by' red-hot copper oxide and this carbon dioxide is also absorbed 
in the potash bulb. Any moisture that is driven out of the potash 
bulb by the current of oxygen is absorbed by the CaClg-tubo D. 
After the combustion of sugar charcoal is complete and bubbles 
are seen not to be absorbed by KOH bulb, the heating is. 
discontinued and the tube is cooled with tha current of oxygen 
passing on. This oxygen current sweeps out all the carbon 
dioxide formed and helps to re-oxidise metallic copper formed by 
tho reduction 0 " CuO by any CO formed. The porcelain boat is 
next taken out and if any ash be found to be left behind, the 
boat with the ash is weighed again. The difference between 
the second and the third weighings of the boat gives the amount 
of carbon burnt to carbon dioxide. The potash bulb with the 
CaOU'tube is then detached and weighed carefully. The diffe¬ 
rence between the first and the second weighings of the potaah 
bulb.with OaOU-tube gives the weight of carbon dioxide formed. 

Molecular formula of carbon dioxide from the determination of 
composition of carbon dioxide by loeight ;— 

Let the weight of porcelain boat — U 7 i 

„ „ + sugar charcoal "It? 2 

>, „ +ash 
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Wt. of KOH—bTilb + 0aCl2 tube before the experiment 
II «i I) II after n 

Then the wt. of charcoal burnt out “M;a 

„ • „ carbon dioxide formed -w* 

Hence the weight of oxygen combining with (wa “Wa) parts 
by weight of carbon »=> (w^ ~ * 04 ) 

If the experiment be carefully performed, it will be found 
that 

Wt.^f carbon in carbon dioxide 
Wt. of oxygen in carbon dioxide 

_J7 _3 

”(^5 -^ 4 )--(m> 2 -M^s) 

Hence, from the experiment it is known that 8 parts by^ 
weight of oxygen combine with 3 parts by wt# of carbon to 
form carbon dioxide. Now, the density of carbon dioxide as found 
by experiment is 22. Therefore, the molecular weight of carbon 
dioxide is 44. Now, in 44 parts of carbon dioxide the amount 

of carbon present “ ^ h *®»12 and the amount of oxygen 

8 

present ” ^ 44 — 32. Now, 12 is the atomic weight of carbon 

and can stand for only one atom of carbon ; also 16 is the 
atomic weight of oxygen and therefore 32 can stand for 2 
atoms of oxygen. 

Hence the formula for carbon dioxide is GO 2 . 

Oompositiou of carbon dioxide by volume ;— 

A CT-shaped eudiometer tube, open at one end and provided * 
with a bulb at the other, as shown in the adjoining figure, is 
taken. There is also a stop-cock near the bottom. The bulb is 
fitted with an air-tight glass*stopper having two stout copper 
wires, one of which carries a copper spoon, fitted to it. The spoon 
and the other wire are connected by a very fine platinum spiral. 

6 
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A piece of pure charcoal is taken on the 
spoon and the U-tube is filled completely 
with mercury. Pure dry oxygen is intro¬ 
duced in the fj-tube by displacement of • 
mercury in the limb fitted with the bulb. 
The stopper carrying the spoon containing 
pure charcoal is then replaced. The mer¬ 
cury level is then adjusted to the same 
height in both the limbs. The volume of 
oxygen is then noted. The two copper 
wires are then connected with the two 
terminals of a battery and electric current 
is passed through the Pt-wire. The Pt- 
wire becomes red-hot and ignites the char¬ 
coal. Carbon dioxide is produced and 
oxygen is used up. At first the mercury 
is depressed in the limb carrying the bulb 
owing to the thermal expansion of the 
volume of the gas. When the reaction is 
over, the apparatus is allowed to cool. 
Mercury is found to stand exactly at the 
same level in both the limbs as before. Thus, the volume of 
carbon dioxide produced is exactly the same as the volume of 
oxygen used up. 

Hence carbon dioxide contains its own volume of oxygen. 

Molecular fcfrmula of carbon dioxide from the detcj'mination 
of the composition of carbon dioxide by volume :— 

From the experiment, we know that I vol. of carbon dioxide 
contains 1 vol. of oxygen. Let n be the number of molecules 
present in 1 vol. of carbon dioxide. Then, by Avogadro’s 
hypothesis, n mols. of carbon dioxide contain n mols. of oxygen 
or 1 mol. of carbon dioxide contains 1 mol. of oxygen, or two 
atoms of oxygen, since oxygen molecule is diatomic (deduction 
from Avogadro's hypothesis). 

Therefore, the formula of carbon dioxide is CxOa, where x is 
an integer. 

Now, the density of carbon dioxide is 22 (experimental). 
Therefore the molecular weight of carbon dioxide is 2 22^44. 



Fig. .17. 



1948 ] 


. INTBBMEDIATB CHE.MISTBY 


83 


Now, 12 is the atomic weight of G and 16 is the atomic 
weight of oxygen. • 

Therefore, 12 a; + 32 — 44, 
whence a;=*l. 

Hence, the molecular formula for carbon dioxide is CO 2 . 

Carbon dioxide is produced by the combustion of fuel and 
during exhalations of animals. Carbon dioxide also comes out 
from lime-kilns and also from breweries. Thus, gradually the 
amount of CO 2 in air tries to go on increasing. Now, if there 
would have been no opposing reaction, some day all the oxygen 
would have been used up and CO 2 would have filled the whole 
atmosphere. But actually three operaticms, acting in opposite 
directions to the above, keep the amount of CO 3 in the atmos¬ 
phere almost in constant quantities, (l) Plants have to depend 
for supply of carbon on the CO 2 of the air. Plants build up 
their tissues from CO 2 of the air by the following operations :—, 

Through the agency of the chlorophyll, or the green colour¬ 
ing matter of the plants, in presence of sunlight, the plants are 
capable of assimilating carbon from atmospheric carbon dioxide. 
Carbon dioxide is split off into carbon and oxygen ; oxygen 
escapes to air and carbon reacts with moisture forming at first 
formaldehyde; O + H 2 O —CH 2 O. Pormaldehyde then poly¬ 
merises into carbohydrates or sugaV in which form it is assimi¬ 
lated by plants to build up their bodies. 6CHoO = C 6 Hi 20 o. 
Plants thus return to air oxygen which is lost by air during 
respiration of animals, combustion, etc. 

( 2 ) CO 2 is soluble in water to a moderate extent. A portion 
of CO 2 of air is dissolved out and removed by rain, river-water 
and other surface waters. 

(3) A little quantity of CO 2 is also utilised in the weather¬ 
ing of rocks. 

The above operations, occurring in nature, restore equili¬ 
brium in the composition of air and so CO 2 is present in air 
in almost constant quantity. 

Q. 4. What is rusting ? Explain the statement **rusting is 
a kind of slow combustion 

A weighed quantity of iron filings was placed in a large glass 
flask of 6 litres capacity filled with air at N-T.P^ After 
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moistmimj the iron filings with water the flash was closed air^ 
tight hy a stopper. On opening the flash after several months, 
the iron filings^ when dried and weighed again, were found to 
gain V071d gm. in weight. Calculate the change that was pro- 
duced in the composition of air inside the flash at the time when 
it was opened. You must assume that air normally contains 20 
per cent, oxygen and SO per cent, nitrogen hy volume. The presence 
of carbon-dioxide, water vapour, etc., may he ignored. 

Ans. Busting is the process in which a piece of iron exposed 
to moist air is covered with a loose, non-coherent, easily 
detachable, brown coating called rust. According to Partington, 
rnst is hydrated ferric oxide of the composition 3 H 2 O. 

Other chemists, however, think that the composition of rust is 
Pot so simple. The composition of rust depends upon its age 
Und hydrated ferric oxide predominates in the long run. 

Busting of iron takes place due to the combination of iron 
with the oxygen of air. Now combustion has been defined as any 
chemical reaction accompanied by the evolution of heat and 
sometimes light. Por a long time the usual belief was that the 
phenomenon of combustion takes place in the presence of oxygen 
and so combustion was considered as rapid oxidation. Now it has 
been shown that combustion can take place in chlorine, bromine, 
etc., e.g., Sb powder ignites and burns in chlorine gas. In a 
wider sense combination with any electro-negative element is 
oxidation. Hence in all cases combustion always involves oxida¬ 
tion. Phosphorus, when exposed to air, spontaneously takes fire 
and burns with the combination with oxygen of air. Here light 
is produced since the ignition point of P is reached during com¬ 
bination with oxygen of air. Now slow combustion is said to 
take place when slow oxidation occurs below the ignition point. 
Thus in the animal body, slow combustion of waste tissues takes 
place due to slow oxidation through the agency of oxygen of air 
inhaled and this slow combustion maintains the heat of the 
animal body. A similar operation takes place when iron rusts 
in air. Iron combines slowly with oxygen of the air, but during 
this slow oxidation neither any heat nor any light is visible. 
That actually iron, in case of rusting, combines with oxygen of 
air is proved by taking some moist iron nails in a small basin and 
floating it over water contained in a trough and then inverting a 
gas jar over the small basin in such a fashion that it covers the 
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basin completely ; alter the lapse of a few days, it is observed 
that water rises in the gas jar and fills about one-fifth of the 
total volume of air enclosed, when the rusting has taken place 
completely ; the residual gas can be proved to be nitrogen. 

Thus, since rusting occurs due to slow combination with 
oxygen, it may be called slow combustion. 

As it has been stated, rusting occurs through the production 
of hydrated feriic oxide of composition 2 Fe 203 , 3 H 2 O. After 
drying, it may be assumed that all the water is lemoved and 
Pe20^ alone remamb. The gain in weight indicates only the 
amount of ox vgen added to iron from air. Hence 1*0714 gram 
was the weight of oxygen lost by air enclosed in the glass flask. 


Now the glass flask contained 6 litres of air at N.T.P., of 
which 20% Jb oxygen and 80% is nitrogen. Therefore, the 

5 X 20 ' 

glass flask contained or, 1 litre of oxygen at N.T.P. 

and (5 1) or 4 litres of nitrogen at N.T.P. 


Now, since molecular weight of any gas expressed in grams 
occupies 22*4 litres at N.T.P., therefore, 32 grams of oxygen 
will occupy 22*4 litres at N.T.P, 


22*4 

Hence, 1*0714 gram of oxygen will occupy " 


X 1*0714 


litre, i.e , 0*74998 litre at N.T.P. 

Therefore, 0*74998 litre of oxygen from 1 litre present in 
the glass flask was used up in forming the rust. Hence the 
flask contained, at the time when it was opened, 4 litres of 
nitrogen and 1—0*74998 litre or 0*25002 litre of oxygen* both 
measure 1 at N.T.P. 


Q. 5. Dcciihe the pieparation of puie and dty sulphur 
dioxide. (live a neat sketch of the apparatus used. What 
leactiou'. take place when the gas n led into — 

{a) Ghloime water, (5) Potassium hydroxide solution, (c) A 
mixture of nitrogen peroxide and water-vapour ? 

Ans. In the laboratory, sulphur dioxide is prepared in the 
following way :—Some copper turnings are taken in a flask fitted 
with a thistle funnel and a delivery tube. Concentrated 
H 2 SO 4 is poured down the thistle funnel till the end of the fun- 
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nel remaiiiB dipped under the surface of the acid. The flask is 
then placed on a piece of wire gauze and heated till the gas 
begins to be evolved. The source of heat is then removed and 
the gas is collected by the upward displacement of air. The gas 



rig. 18 

is fairly dry and pure, but may be further dried by passing 
through a wash-bottle containing concentrated sulphuric acid 
and collected over mercury. 

Ou + 2 H 2 SO 4 -CUSO 4 + 2 H 2 O + SOo. 

(a) When suli)hur dioxide is led into chlorine water, 
sulphuric acid is produced by oxidation of SO2 to SO3 which 
with water gives sulphuric acid, and reduction of chlorine takes 
place of hydrochloric acid, 

SO 2 + Cl 2 + 2H 2 O = H s SO4 + 2HCI. 

{b) When sulphur dioxide is led into potassium hydroxide 
solution, at first potassium sulphite is formed, but on continued 
passage of S 02 » potassium bisulphite is produced in solution. 
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2K0H + SOa “ KaSOs + HaO- 
Ka SOs + so 3 + H 2 O « 2 KHSO 3 . 

ic) When sulphur dioxide is led into a mixture of nitrogen 
peroxide and water-vapour, sulphuric acid is produced by 
oxidation of sulphur dioxide to sulphur trioxide by nitrogen 
peroxide, sulphur trioxide being converted in to* sulphuric acid by 
waterwapour present. Nitrogen peroxide, at the same time, is 
reduced to nitric oxide. This reaction occurs during the 
manufacture of sulphuric acid by the Chamber Process. 

SOa + NO« + HaO = H aSOt + NO. 

Q. 6. How IS sodium carbonate manufactured^ by the “rtwmo- 
nia soda process** ? 

2 grams of a mixture of carbonate, bicarbonate and chloride 
of sodium gave, on gentle heathi/j till no further evolution of gas 
occurred, 72 c.c. of ca? bon dioxide at 26'*C. and 762 mm. jiressure. 
T6 gm. of the same mixture required 26 c.c. of N HGl for complete 
neutralization. Calculate the percentage of carbonate, bicarbonate 
and chloi'ide of sodium in the mixtuie (Na=‘23'0, G = 12'0, 

0 =‘ 16 ' 0 , H = ro). 

Ans. This process is based upon the reaction between 
hydrogen ammonium carbonate, NH 4 HOO 3 and a strong 
solution of sodium chloride, according to the equation. 

N H tHCO ^ + NaCl = Nil 4CI + NaHCOs. 

_ • 

The actual operation is carried out as f ollows : — 

Carbon dioxide is passed into a solution of common salt 
(called brine) under moderate jirebsure after the brine is 
saturated with ammonia gas and cooled. Carbon dioxide first 
reacts with ammonia forming ammonium bicarbonate. 

CO 2 + NH, + H 2 O = NH 4 HCO,. 

The bicarbonate of ammonium then reacts with sodium 
chloride forming sodium bicarbonate and ammonium chloride 
by double decomposition. 

NH iHCOs + NaCl=^NaHCO, + Nn 4 Cl. 

The above reaction is reversible and hence sodium chloride 
is partially converted into sodium bicarbonate. This sodium 
bicarbonate being sparingly soluble separates out, leaving the 
more soluble ammonium chloride in solution. The above reaction 
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takes plaoe most efiSciently between 30® - 40®0t Sodium bicar¬ 
bonate separating out is collected and converted into normal 
sodium carbonate by calcination. 

2NaHC08 '=Na2C03 +GO 2 + H 2 O. 

The raw materip-ls necessary are i (1) Brine, obtained direct¬ 
ly from salt-beds, (2) Lime-stone for generating carbon dioxide, 
the lime left being used afterwards for recovering ammonia from 
residual ammonium chloride solution, (3) Ammonia. 

The manufacturing process consists of jive operations :— 

(1) Saturation of brine with ammonia in ammonia-absorbers 
fitted with cooling arrangement. 

(2) Carbon dioxide treatment of ammoniated brine in 
8olvay*s carbonating towers under a pressure of 1—2 atmos¬ 
pheres. 

( 3 ) Filtration of the bicarbonate separating in Solvay’s 
tower in vacuum filters. 

( 4 ) Calcination of the bicarbonate of sodium in order to 
get normal sodium carbonate and carbon dioxide which can l3e 
used over again. 

(5) Recovery of ammonia from ammonium chloride solution 
by heating with lime, this ammonia being used over again. 
About 2% of ammonia is lost during working of the process 
and this.is to be replaced. Hence it is found to be a self- 
contained operation and the working of the process is less costly 
in comparison to Leblanc process. 

Sum. Of the three constituents NaQCOsi NaHCOs and 
NaCl of the mixture, it is only NaHCOa, which gives CO 2 on 
heating, according to the equation. 

2 NaHCOs ^NasCOs+H 2 O + OO 2 
2x (23 + 1 + 12 + 48) 44 

or, 168 

From the above equation, we know that 

168 grams of sodium bicarbonate, on being decomposed by 
■ heating, give 44 grams of carbon dioxide, f.c., 22*4 litres of CO» 
at N.T.P., since molecular weight of any gas expressed in grams 
occupies 22*4 litres at N.T.P. Now CO 2 evolved from the sodium 
bicarbonate present in 2 grams of the mixture is 62 c.c. at 
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26®C. and 752 m.ip. pressure. Let F be the volume of this 
•CO 2 at N.T.P. Then by Boyle’s and Charles’ laws, we have 

62x752 _ Fx76 0 

273 + 26 ' 273 ' ’ 

^ 62 X 752 X 273 

when F- 399 x 700 ' 

= 56*02 c.c. 

Now 22400 c.c. of 00 2 at N.T.P. is evolved from 168 js'^ams 
of NaHOOs. 

1G8 

.*. 56'02 c.c. of CO 2 at N.T-P. is given by 33400 ^ 56*02 


gram or 0*4202 gram of NatlOOs. Hence, 2 grams of the mixture 
contained 0*4202 gram of NaHOOs- 

0*4202 

Therefore, 1*6 grams of the mixture contained ^ x 1 0 

gram or 0'336!I6 gram of NallCOs. 

Now, from the equation, 

NallOOn + HGl = NaOl + H 2 O + CO 2 . 

We know that, 

84 grams of sodium bicarbonate require 36*5 grams of HCl 
for neutralisation. But 36*5 grams of II01 are contained in 
ilOOO c.c. of N HCl solution. Therefore, to neutralise 84 grams 
of sodium bicarbonate, 1000 c.c. of N IICl are required. Hence 
to neutralise 0*33616 gram of NallCO), the amount of 

N HCl requiied 0*33616 c.c.— 4*00 c.c. 

Hence of the 26 c.c. of N IJOl used for complete neutralisa¬ 
tion of the mixture, 4 c.c. of N HCl were required for the 
bicarbonate of sodium present in it. Therefore, 26-4 or 22 c.c. 
of N HCl were required for netralisation of Na^COa present 
in the mixture. 


Now, 22 c.c. of N HCl = 22 c.c. of N Na 2003 . Therefore, 

22x53 

NasOOa present in the mixture = ^qqq grams = 1*166 grams 
since 1000 c.c. of N NasCOs contain 53 grams of Na2C08. 
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Hence, 1*6 grama of the mixture supplied contained 1‘16& 
grama of Na.OOj, 0'33616 gram of NaHCOs and 1’6 - (ri66+ 
0‘33616) or 0 09784 gram of NaOl. 


0*33G16 

Therefore, the percentage of NaHCOs —xlOO 

= 2im 
1*X66 

M „ „ NaaCOs = 

= 72*876 

„ „ M NaOl* i* 0 ~^ 100 

= 6*116. 


* (^. 7. Name the principal ores of zinc with their formnlce. 
How is the metal ^traded from them ? State the uses of the 
metal and its impottant alloys. 

Describe the action of nitric acid upon the metal. 


Ans. The important ores of zinc are 

(1) Calamine or zinc spar— ZnCOa 

(2) Zinc blende or black-jack—ZnS. 

Other ores are (3) Red zinc ore—ZnO 

(4) Rranklinite—(Zn. Fe) O, FeaOa. 

The most important ore, zinc blende, ZnS, is found to be 
associated with galena (PbS), quartz, sand, etc. To remove 
these the crushed ore is mixed with a little oil and stirred up 
with water when zinc blende rises to the surface and is thus 
separated from galena, sand» etc. which remain at the bottom. 
The carbonate ore. zinc spar, is also used for this purpose. 

The process of extraction consists of two operations, namely : 
first, the conversion of the ore into oxide of zinc, by roasting ; 
and secondly, the reduction of the oxide by means of coal at a 
high temperature. 

Purified ZnS is roasted in a multiple hearth furnace and is 
oxidised to ZnO. Care is taken to see that it is transformed as 
completely as possible into ZnO and not into ZnS 04 . 

2ZnS + 3 O 2 = 2ZnO + 2SO.. 
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The roasting of natural carbonate is readily accomplished, 
this compound merely giving off its 00a at a high temperature— 

ZnOOa — ZnO + OOa. 

The operation here is known as caldnatim. 

The roasted ore is then mixed with powdered coke and 
introduced in fire-clay retorts, which are strongly heated ; ZnO 
is reduced at 1000°C. to zinc, which distils off being volatile ; 
ZnO + C = Zn + 00. The Belgian retorts are fire-clay tubes 
closed at one end, with iron t'lbes as receivers in which zine 
condenses and solidifies. Silesian retorts are muffle furnaces 
with receivers of iron luted with fire-clay. Abou t 10—^26% of 
Zn is lost due to oxidation of zinc and formation of zinc- 
dust, etc. Excess of carbon is used in the operation so that 
formation of 00 3 is prevented as 00 2 oxidises zinc. 

Uses of zinc, —Zinc is used for galvanizing iron sheets, for 
the manufacture of vats, tanks and pipes, for the electrodeS of 
electric cells, in the extraction of gold and silver, for the pro¬ 
duction of hydrogen and as a reducing agent in the laboratory, 
specially in the form of zinc-dust. 

Important alloys of zinc are ordinary brass, Dutch metal, 
German silver and bronze. Brass is used for manufacture of 
utensils, German silver is used for preparation of artistic vessels 
as also for ordinary utensils, bronze is used in coinage and for 
preparation of statues. 

With nitric acid zinc gives zinc nitrate. If the acid is 
concentrated, nitrogen peroxide is mainly produced ; if weaker 
acid is used, nitric oxide is the chief product. Dilute nitric acid 
gives no gaseous product, but gives ammonium nitrate. 

Zn + 4HNO3 = Zn (NOJa + 2H2O + 2NO2 
8Zn + 8HNO3 = SZnlNOs)^ + 4H3O + 2 N 0 
4 Zn + IOHNO3 -4Zn(N03)2 + 3H2O + NH^NOs,. 

Q. 8. Describe an experiment in illustration of each of the 
following :— 

(a) Formation of a solid by the mixing of two gases, 

{b) Promotion of chemical change by light. 

(c) Burning in an atmosphere of carbon dioxide, 

{d) Chemical reaction by means of electric arc. 

(e) Genei'ation of heat when tivo liquids in the cold are mixed 
together. 
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Ans. (a) Two gas jars are taken. One of them is filled up 
with partially dried ammonia gas and the other one with nearly 
dry hydrogen chloride. The two jars are then placed mouth to 
mouth. Dense white fumes of ammonium chloride are produced 
and these gradually settle as a solid powder at the bottom. 

•NH8 + HOI-NH4CI. 

(b). A gas jar is filled up with carbon monoxide and another 
jar is filled up with chlorine, the two jars are then placed 
mouth to mouth and the gases are thoroughly mixed inside a 
room. The mixture is then exposed to direct sunlight. 00 and 
Cl 2 combine giving carbonyl chloride or phosgene gas. 

00 + Ol 2 = 00012. 

• (c) A gas-jar is filled with carbon dioxide gas and then 

burning magnesium ribbon is introduced into it. The magne¬ 
sium ribbon continues to burn with separation of soot. 

2Mg + 002==2Mg0 + 0. 

(d) Two carbon electrodes are fitted to a glass globe 
provided with an inlet and an outlet tube. A current of 
hydrogen is introduced through the inleit tube and air is 
completely displaced from the glass globe. An arc is then 
struck between the two carbon pencils. Carbon and hydrogen 
combine under the influence of electric arc, giving acetylene 
which escapes by the outlet tube. 

. 20 + H3=C2H2* 

(e) Cold water is taken in a beaker. Cone. H 2 5^04 from a 
bottle is then poured in a thin stream into the cold water with 
constant stirring. The mixing of the two liquids generates so 
much heat that water is converted into steam which escapes 
from the mixture. 
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Q. 1. A specimen of chalk contained calcium sulphate as 
impurity* One gram of the solid teas allowed to be in contact 
with 230 c*c, of NtlO hydrochloric acid solution. The excess of 
acid in the mixture was comvletely neutralised by 80 c.c. of 
'46N caustic soda solution. Calculate the percentage of chalk in 
the specimen. 

How much carbon dioxide measured at 26^C. and 756 mm. 
will he obtained by the complete decomposition of 40 grams of 
this chalk ? 

(At. wt. ofCa=-40, Na==23, 0 = 16, H = 1 and Gl = 85'5) 

Ans. 80 e.c. of 0‘4o N caustic soda = 80 x 0*45 c.c. of N 
caustic soda = 36'00 c.c. of N caustic soda = 36 c.c. of N HOI, 

But HCl sol. allowed to react with the specimen of chalk = 
230 C.C. of ^ HCl = 23 c.c. of N HOI. 

So, from the given data, we find that caustic soda solution 
used to neutralise the excess of acid is far greater than the acid 
actually used. So the given data are absurd and so the sum 
cannot be worked out. 

Second part of the sum cannot be worked out unless the- 
percentage of calcium carbonate can be found out. 

Q. 2. What are the present-day ideas about an atom ^ 

What do you mean by the term 'atomic weight' ? How have 
the atomic weights of elements been determined ? 

Ans. Structure of an atom.—Dalton’s Atomic theory 
postulates atom as an indivisible unit in the structure of matter, 
and it was supposed that atom could not be further broken up 
into simpler constituents. But this conception about atom 
underwent a radical change through the researches of several 
scientists like Sir J. J. Thomson, SirfB. Butherford and 
others. These scientists have shown that an atom can be 
broken up into simpler constituents, viz., electrons, protons and 
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neutrons, to which a fourth one has very recently been added, 
positron. 

Electrons iare negatively charged particles, each carrying a 
unit negative charge. The mass of each electron is found to be 
about 1/1850 of the mass of a hydrogen atom. 

Protons are positively charged particles each, carrying a unit 
positive charge. The mass of each proton is nearly the same as 
that of a' hydrogen atom. 

. Neutrons are particles each of which is of nearly the same 
mass as that of hydrogen atom but are electrically neutral. 
The true nature of these particles has not yet been determined. 
Each one of these particles is considered by some scientists as 
being produced by close union of electron and proton : others are 
of opinion that each neutron is a fundamental particle and each 
proton is produced by close union of 1 neutron and 1 positron. 

Positrons are said to be the exact counterparts of the 
electrons. Each positron has the mass of nearly y^Vath of 
that of the hydrogen atom, but unlike the electron, it carries 
unit positive charge of electricity. 

• The structure of the atom, as suggested in Rutherford-Bohr 
model, is known as the nuclear structure of the atom. The 
atom is regarded at present as a system consisting of a core or 
nucleus, carrying positive charge and surrounded by a number 
of electrons. Since the atom is electrically neutral, the number 
of electrons surrounding the nucleus of an atom is the same as 
the net positive charge carried by the nucleus. The nucleus is 
made up of protons, electrons, neutrons and probably positrons. 
There are also electrons outside the nucleus, known as extra- 
nuclear electrons, arranged in different layers known as orbits of 
electrons. The positive charge of the nucleus is equal to the 
sum-total of the negative charges carried by extra-nuclear 
electrons. The net positive charge on the nucleus of the atom 
is known as atomic number. Since the mass of the electron is 
negligible in comparison to the mass of the proton and neutron, 
the whole mass of the atom must be located in the nucleus ard 
this must be *equal to the sum-total of the number of neutrons 
and protons present in the nucleus. Protons are probably iden¬ 
tical with the positively charged nuclei of hydrogen atoms, t.c., 
hydrogen atoms each of which has been shorn of one electron. 
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.On this view, the helium nucleus is to be regarded as composed 
of four hydrogen nuclei with two cementing electrons, leaving it 
with a net positive charge of two units. So there are two 
extra nuclear electrons in an orbit surrounding the nucleus so 
that the helium atom as a whole is electrically neutral. 

Atoms of the same element have all the same net positive 
charges in their nuclei, but atoms of different elements carry 
different amounts of net positive charges in their nuclei. Atoms 
cf the same element will always carry the same net positive 
charge in their nuclei, but may not possess the same atomic 
masses, due to different number of protons, neutrons and 
electrons being present in their core. In that case these are 
called isotopes- The isotopes have the same atomic number and 
hence identical chemical properties, but different atomic masses! 

Though an atom is regarded at present to be divisible into 
simpler constituents, yet chemically it is regarded as a separate- 
entity taking part in all chemical changes as a separate unit. 

The atomic weight of an element is the ratio of the weight of 
one atom of the element to the weight of one atom of hydrogen. 
Thus, the atomic weight of an element is not actually the weight 
of an atom of that element but it is simply a number. Also the 
atomic weight of an element is the smallest weight of it present 
in the molecular weight of any of its compounds* 

When we say, that the atomic weight of oxygen is IG, we 
mean that one atom of oxygen is 16 times as heavy as an atom 
of hydrogen. It also means that the smallest weight of oxygen 
present in the molecular weight of any of its compounds is 16. 

Various methods available for the determination of atomic 
weight of an element are— 

(1) By application of Dulong and Petit’s Law for atomic 
heat and subsequently using the relation Atomic weight =* Equi¬ 
valent weight X Valency. 

(2) By application of Mistcherlich's Law of isomorphism, 

(3) From determination of vapour density of volatile com¬ 
pounds of the element, and quantitative chemical analysis of 
the compounds. 

(4) From the position of the element in the Periodic Table 
of elements. 
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(1) For solid elements, save and except a few, viz,, 0, B| Si, 
Dnlong and Petit found that the product of atomic weights and the 
respective specific heats came out in most cases to be approximately 6'4, 

Thus At. wt. X Sp. heat *= 6*4 (app.) 

This is an approximate law, for the value 6*4, for the product 
which is called atomic heat, is not a constant but varies within 
narrow limits. 

For determination of the atomic weight, first the sp. heat of 
the element is determined and then by dividing 6*4 by the sp. 
heat so determined, we can get an approximate At* weight of the 
element. 

6*4 

Thus, Atomic, weight Speci'fioTe'i[t 

Then the' equivalent weight of the element is determined 
very carefully and accurately. Next the approximate atomic 
weight is divided by the equivalent weight in order to find the 
‘valency. It may come out to be a fraction, but valency cannot 
be fractional, so the nearest whole number is taken as the 
valency of the element. Then, by using the relation, Atomic 
weight “Equivalent weights valency, the exact atomic weight of 
the element is determined. 


Illustration ,—The Sp. heat of a metal is found by experiment 
to be 0’i25. Its equivalent weight is found by experiment to be 
12. Then 


6*4 

Approximate At. wt. = 'Q* 2 f “ 25*6 

26‘6 

Hence, valency of the element = = 2*13. 


Thus the valency “2, taking the nearest whole number, 
Therefore, the true At. wt. of the element = 12 x 2 == 24. 
(2) Mitscherlich, in 1819, put forth the law that :— 


When tioo compounds are isomoiphous with each other, they are 
usually composed of the same number of similar atoms combined in 
a .similar manner. In a pair of isomorphous compounds, there¬ 
fore, at least one element appears to have been replaced, atom 
for atom, by another element and the weights of the elements 
thus replaced mutually are proportional to their atomic weights. 
If the atomic weight of one of the elements is known, that for 
the other can be calculated. 
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Example, Potassium chromate is found to be isomorphous 
with potassium sulphate and is found to contain 26*76 per cent, 
of Gr. Prom this the at. wt. of Gr can be calculated thus :— 

Potassium sulphate has the formula K 2 S 04 and since potas¬ 
sium chromate is isomorphous with it, its formula is K 2 Gr 04 . 
Let X be the at. wt. of Gr. Then the molecular weight of K 20 r 04 
is 89*1 X 2 + a? + 16x 4=*78*2 + 64 + a? = 142*2+ x. Therefore the 


percentage of Gr in it 


100 X X 

142*2 + 0? 


==26*78, (given) 


whence x ~ 52. 


(3) In order to find out the atomic weight of an element, 
the molecular weights of a number of its volatile compounds are 
first of all calculated from their experimentally determined 
vapour densities. Next the weight of the element in the mole¬ 
cular weights of each of these compounds is determined by quan¬ 
titative chemical analysis. The smallest of these different weights 
of the element found in the molecular proportions of its com¬ 
pounds is the atomic weight, since no molecule can contain less 
than one atom of the element under consideration. 


Example. In order to determine the atomic weight -of oxy¬ 
gen, several volatile compounds containing oxygen are taken and 
their vapour densities determined by the usual methods. Next 
by analysis the proportion of oxygen in molecular proportion of 
each of the compounds found out, and the lowest of these weights 
viz.t 16, is accepted as its atomic weight. 


Percentage of Actual weight! 


Compound 

Vapour t 
density 

1 Molecular 
weight 

oxygen as | 
found bv 
analysis 
indirectly 

1 of O, in mole¬ 
cular weight 
of the 
compound 

Carbon dioxide 

22 

\ 

i 44 

1 

72*72 

32 

Carbon monoxide 

i 

14 

1 28 

57*14 

16 

1 

Sulphur dioxide 

32 

64 

50*00 

32 

Nitrous oxide 

22 

44 

36*36 

16 

Nitric oxide 

15 

30 

53*33 

16 - 

Sulphur trioxide 

40 

80 

60*00 

48 
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If at any time any compound of oxygen be discovered in 
which the amount of oxygen found in the molecular weight of 
that compound be less than 16, then this value 16 would be 
rejected and the lowest value found would be accepted as its 
at. wt. But so long as no such compound is found out, 16 is 
accepted as the atomic weight of oxygen. 

(4) From the position of an element in the Periodic Table, 
atomic weight of the element can be found out approximately. 

Example, Thus, for determining the at. wt. of Bromine, we 
note the atomic weight of four elements on four sides of it, viz. 
Chlorine 35‘4G, Iron 55*84, Iodine 126*92 and Tc 99’00. 

The moan of these is the atomic weight of Bromine, thus, 

36*46+ 55*84+ 126-92+ 99*00 317*22 __ , 

^ •“ -- ^“~=79 3, the exact value 

being 79*92. 

Q. 3. Describe an experiment io determine the eguivalenl 
weight of potassium. 

1'49 grams of potassium chloride gave 2'67 grams of silver 
chloride. Calculate the equivalent wed-ght of potassium. 

Ans. Equivalent weight of Potassium — 

A weighed quantity of pure re-crystallised potassium chloride 
is taken in a beaker and is then dissolved completely in distilled 
water. The solution is next made slightly acidic with dilute 
nitric acid. Then silver nitrate solution is slowly added with 
constant stirring until the precipitated silver chloride coagulates 
and settles at the bottom. A few drops more of silver nitrate 
solution is then added to see that the precipitation is complete 
and no more turbidity appears where the two solutions meet, 

KCl + AgNOa - AgCl + KNOs. 

The liquid is then heated and filtered through a Gooch 
crucible, previously prepared and weighed to a constant weight. 
The precipitate is thoroughly washed with distilled water to 
free it from adhering silver nitrate and potassium nitrate. Then 
the Gooch crucible is dried in an air-oven, cooled in a desiccator 
and weighed. Heating in an air-oven, cooling in a desiccator 
and weighing is continued till the final weight is constant. 
The difference between the two weighings of the Gooch crucible 
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■will give the weight of AgCl produced from a known weight 
of KCl. 

Calculation : 

Let the weight of KCl taken gms. 
and the weight of AgCl formed = Wn gms. 

Now, in (I08 4,‘lj*5) or 1J3‘5 jmrts by weight of AgCl, 
■there are 36*5 })arts by weight of chlorine. 

in zej gms of AgCl, we have 143^;3 fJncis* of chlorine. 

And this amount of cbloiiue has conic from Wi Lms. ol KCl. 
ricncf' the weight of K present in Wx gms. of KCl = iri— 

20 . ^ 36*6 
L 43*5 =^^^2 

mu '^^'5 

Then, 143*5 chlorine has combined with ic, gms. 

il K. 

36*6 gms. of ohlonno can combine with 
— ?r, .M3*6 
y 35-5 10, 

143'5 

IlencG, definition, the cquiinlent weight of ]>olassinm 
w j < 143*6 


Since 143 5 grams of silver chloiido contain 35*6 giams of 
chlorine, 

therefore, 2*87 grams of silver chloride will contain 
35*6 X 2*87 

143*6 ~ 0 02 grams of chlorine, or, 0*71 grams of 

chlorine. 

This amount of chlorine has come from 1*49 grams of 
potassium chloride. 

Hence 0*71 grams of chlorine has combined with (1*49 “-0*71) 
or 0*78 grams of potassium. 
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Therefore, by definition, the equivalent weight of potassium 
is that weight of it which will combine with 35'6 grama 
of chlorine, and hence the equivalent weight of potassium 
0*78 

36*6 = 39. 

Q.4. How iii phosphorus prepared ? 

How is white phosphorus converted into the red variety and 

vice versa 7 

Ans. Naturally occurring calcium phosphate is now-a-days 
utilised for getting phosphorus on a large seale. A mixture of phos¬ 
phate, sand and coke is fed through a feed-hopper into a closed 
electric furnace made of brick-work provided with an outlet above 
for the gases and phosphorus vapour, a slag hole at the bottom 
and carbon electrodes, set nearly at the bottom, between which 
an electric arc is struck, producing a very high temperature. 

The silica of the sand reacts at the high temperature of the 
furnace with calcium phosphate producing calcium silicate and 
phosphorus pentoxide, PaOc. 

0aa(PO4)2 + SSiOa = SCaSiOa + P 2 O 5 . 

The vapour of PaOs is then reduced by carbon and carbon 
.monoxide is formed and iihosphorus is set free. 

P206+50 = 2P + 5CO. 

Calcium silicate melts and sinks to the bottom from where it 





Fig. 19 

is run off as a slag through the slag hole. Phosphorus vapour 
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and carbon monoxide escape through the outlet near the top and 
are passed into water where P 4 , vapour condenses. Fresh mixture 
is introduced through the feed-hopper and the process is 
continuous. 

White phosphorus is converted into red phosphorus when it 
is heated to 260*’C. in an inert atmosphere in presence of a 
trace of iodine. 

Red phosphorus, on the other hand, is converted into white 
phosphorus by heating it in an inert atmosphere to above 560®C. 
until vapours are produced. By rapidly cooling the vapours 
white phosphorus is obtained. 

Q. 5. In an alkali factoi’y chlorine is a by-product. How can 
this he best utilised ? 

How does the action of chlorine on milk of lime vary accord¬ 
ing to the conditions of temperature ? Represent the reaction , by 
equations, 

Ans. Chlorine is obtained as a by-product in an alkali 
factory, either during tlie manufacture of caustic soda by the 
electrolysis of brine by Castner-Kellner process or during the 
manufacture of sodium carbonate by the electrolysis of brine by 
Hargreaves-Bird process. The chlorine is evolved at the anode 
during electrolysis. This chlorine can be best utilised for the 
manufacture of bleaching powder. The chlorine is led away by 
means of exit pi 2 )e 3 into an air-tight chamber lined with lead on 
the floor of which slaked lime is spread to the depth of a few 
inches. The temperature is not allowed to rise above 35°0.—40°O. 
The lime is raked on from time to time so as to expose fresh 
portions of it to the action of chlorine. The reaction takes 
about 24 hours for completion. A little quantity of lime - is 
dusted at the end into the chamber by special fan arrangements 
to efifect complete absorption of chlorine. Bleaching powder is 
then taken out by removing the false bottom of the floor and 
put into air-tight barrels. 

Ca( 0 H )2 +CI 2 «Ca(0Cl)Cl + H 20 . 

When chlorine is passed into cold milk of lime containing 
excess of water in such a fashion that excess of the alkali 
remains, calcium chloride and calcium hypochlorite. are 
produced. 
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2 Ca(0H)2 + 2 CI 2 «Ca(00l)2 +CaCl 2 + 2 H 2 O. 

When chlorine is passed into hot milk of lime containing 
less quantity of water in such a fashion that excess of chlorine 
is passed in, calcium chlorate and calcium chloride are obtained. 

6Ca(OH)2 + 6OI2 =Ca(Cl0a)2 + SOaCla + 6H2O. 

Q. 6 . D'ismss the changes that take place when :— 

(a) a solution of catistic soda is added to a solution of sine 
sulphate \ 

(i) stannous chloride is added to a solution of mercuric 
chloride ; 

(c) ammonia is added to a solution of copper sulphate ; 
and 

id) magnesium chloride hexahydrate is heated alone, 

Ans. (ft) When a solution of caustic soda is added drop 
.by drop to a solution of zinc sulphate, at first a white precipitate 
of zinc hydroxide is formed, but on addition of excess of caustic 
soda solution, the precipitate of zinc hydroxide dissolves forming 
sodium zincato and water. 

ZnSO+ + 2 NaOH = ZnfOHla + NaaSO^ 

Zn( 0 H )2 + 2 NaOH = NaaZnOa + 2H2O. 

{h) When stannous chloride solution is added drop by drop 
to mercuric chloride solution, at first a white precipitate of 
mercurous chloride is formed, but on addition of excess of stan¬ 
nous chloi'ide solution grey metallic mercury is deposited. 
Mercuric chloride is hero reduced first to mercurous chloride 
'and then to grey metallic mercury, stannous chloride being 
oxidised in each case to stannic chloride. 

2 IIgCl., + SnCla -HgaCla + SnCU 
Hg2Cl2“SnCl2=2Hg + SnCl4. 

(c) When a solution of ammonia is added slowly to a 
solution of copper sulphate, at first a bluish-white precipitate of 
basic copper sulphate, Cu2(0H)2S04, which gradually changes to- 
cupric hydroxide, Cu(OH)2, is obtained. On adding further 
, quantity of ammonia solution, the precipitate dissolves producing 
a deep blue solution of cuprammonium sulphate, Cu(NH3)-tS04. 
[The solution deposits blue rhombic crystals, which when dried 
over lime, have the composition Cu(NH3)4S04,H20.j 
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NH,+H 80 =NH< 0 H 

aOuSOi +2NHt0H = (NH4),804 +Cu.(0H)s80» 
0 us(OH),SO 4 + 2NH*OH ■=(NH4)a804 + 20u(OH)j 
On(OH), +4NHiOH = Cu(NH») 4(0H)2 + 4HaO 
Cn(NH3)i(0H)a + (NH4)a80* =0u(NHs)*804 + 2NH*OH. 

or final reaction is represented by the equation 

CUSO4 + 4NH4OH = Cu(NH 3 ) 4 S 04 + 4H2O. 

(<Z) When magnesium chloride hexahydrate is heated alone, 
it first melts and is then partially dehydrated and five mole¬ 
cules of water are driven off. 

MgCla, GHgO^MgCla, H 2 O + 6 H 2 O. 

On further heating magnesium chloride monohydrate decom¬ 
poses giving magnesium oxide and hydrochloric acid. 

MgCU, ir,0 = Mg0 + 2HCl. 

According to some chemists, above 180®C., Magnesium 
chloride hexahydrate undergoes hydrolytic decomposition with 
evolution of hydrogen chloride and formation of magnesium 
oxychloride. 

2( MgCl 2 , 6 H 2 O) = IIH 2 0 + Mgs001 2 + 2HC1. 

On further heating in air, magnesium oxychloride decomposes 
giving magnesium oxido and chlorine. ^ 

2Mg o 001 2 + O 3 = 4MgO + 2C1. 

Q. 7. Dascribe the omikod for the preparation of metallic 
sodium. Cfive a neat diagram of the aijparatus employed for the 
purpose ? What precautions are necessary ? Mention the uses of 
the metal. 

Ans. Now-a-days sodium is almost exclusively prepared by 
electrolytic methods, hy electrolysis of either fused caustic soda 
( Castner’s Process) or of fused sodium chloride (Down’s 
Process ). 

Castner’s Process.—Oaustic soda is contained in an iron pot 
P, set in a suitable brick work, and is kept in a melted condition 
by gas flames below. 

Through the bottom of this vessel passes an iron rod kept 
in the vertical jiosition by the caustic soda in the lower and 
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narrow parts of tho vessel, being in the solidified state. The 
anode is a cylinder of hickel suspended from above surrounding 


IVtre 

gauzQ 

Cjfiwder 


Ifcn 

eathedt 



Sodium 
~ Nickel anod9 
Ironpcl 


Fused ^•austie 
soda '* 


Setiet eaust ic 
sod«i 


Fig. 20 

the cathode, and is prevented from touching it by means of a 
nickel wire-gauze cylinder which hangs from a cylindrical iron 
vessel which is open at the bottom and provided with a lid at the 
top and is hanging from the top of the iron vessel just above the 
iron cathode. Electric current is passed by connecting the 
electrodes to the poles of a battery. The fused caustic soda is 
decomposed. Sodium is liberated at the cathode, and being 
lighter than fused NaOH, rises up to the surface and collects 
inside the iron vessel hanging over the cathode, in which 
hydrogen also collects. This hydrogen protects sodium from 
o^dation. The excess of hydrogen escapes through the lid. 
Oxygen escapes after being liberated at the anode through an 
outlet at the top. Sodium is removed by means of perforated 
ladles from time to time and kept under Kerosine«oil. 

2NaOn = 2Na + H« + O 2 . 


Cathode 


anode> 
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Sodium is also obtained from common salt by the electro¬ 
lytic process as applied to fused common salt. 

In the Down’s cell, the operation is carried out by introduc¬ 
ing sodium chloride or common salt, mixed with sodium fluoride 
or GaClz to lower its melting point, through an opening h at the 
top and fused by heating. The carbon anode a is introduced 
through the base and is surrounded by a cylindrical iron cathode 
0. At the top of the anode there is a dome-shapped hood A for 
leading away the chlorine. The cathode is surrounded by an 
iron wire-gauze mantle, at the top of which is a vertical pipe P, 
•communicating with a closed vessel H. Current is now passed 
through the molten electrolyte, when NaOl alone is decomposed 
‘but not NaF or OaGlg. Chlorine evolved at the anode escapes 
lihrough A, whereas sodium liberated at the cathode collects 



Fig. 21 

inside the mantle inverted over G. Gradually the level of sodium 
rises in the pipe P and sodium ultimately flows into the reser¬ 
voir jB. 

Precautions necessary in operating Gastner's 2 ^rocess are :— 

{a) The nickel anode is to be electrically insulated from the 
iron cathode. 

(b) The temperature of the fused caustic soda is to be kept 
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at 330®C.raS otherwise the molten sodium will remain dissolved 
in fused caustic soda. 

(c) Hydrogen in the iron vessel should be allowed to escape 
at a slow rate, so that Na liberated and collected therein may 
remain entirely in the atmosphere of hydrogen. 

Uses of sodium> —Sodium is used for the manufacture of 
sodium peroxide, sodium cyanide ; for the extraction of metallic 
magnesium, aluminium, elementary boron and silicon. Sodium 
amalgam is used as a reducing agent. An alloy of sodium and 
potassium is used in high temperature thermometry. 


Q. 8. The gaseous product obtained by bwntng pyrites is led 
into a large vat containing an aqueous solution of soda ash^ 
The process is continued wiiil the solution becomes saturated. From 
this solution noio a crystalline solid separates out. What is this 
compound ? Support your statement by equations. 

The final product of the above reactions was treated with (a) 
nitric acid, (b) sul 2 )huric acid and (c) bromine water separately. 
Explain the changes that occur. 

Ana. The gaseous product obtained by burning pyrites is 
sulphur dioxide. 

4P'eSo +IIO 2 = 2 Fe 203 + 8 SO 2 . 

Soda-ash is sodium carbonate, Na 2 COs, 

When SO 2 , the gaseous product obtained by burning pyrites, 
is led into an aqueous solution of soda-ash, at first sodium 
sulphite is produced in solution. 

Na2C03 + SOo = Na^^SO^ + C02* 

The passage of SO 2 being continued until the solution 
becomes saturated. Nag SO# is converted into sodium bisulphite, 
NaHSOft, which remains in solution. 

NaaSOa + H 2 O + SO 2 = SNaHSOs. 

From this solution of sodium bisulphite, on crystallisation, 
sodium metabisulphite, NaoSoO-,, crystallises out in the solid 
state. 

2 NaIIS 03 “NajSgOs +H 3 O. 

Sodium bisulphite does not crystallise (Partington). 

(flO V/hen sodium metabisulphite is treated with nitric acid, 
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it IS oxidised to sodium bisulpbate and nitric acid is reduced to 
oxides of nitrogen. 

NaaSaO^ + 2HNO, = 2NanSO, + NO + NOa. 

( 6 ) When sulphuric acid is added to sodium metabisulphite» 
sulphur dioxide is evolved and sodium bisulphato is formed. 

NaaSaO, + QHaSO* = 2NaHS04 + HaO + 2 SO 2 . 

(r) Bromine wafer oxidises sodium metabisulphite to sodium 
bisulphato and is itself reduced to hydrobromic acid. 

NaaSoOs +3H„0 + 2 »lr.^ « 2 NaHSO^ +4HBr. 


1944 

FIRST PAPER 

Q. 1. Explain aud lUmirnto (/ay TAmac\ Law of (ig^pou^ 
VoUmc^ and show how i( has led to the distinction bettvecn atoms 
and molecnlp^. 

How mould you piovp that the density of 0 qa^ with respect to 
hydroqen is equal to half its own molecular weight ? 

Ans. Gay Lussac’s Law of Gaseous Volumes :— 

When chemical notion takes ])laco between gases, either 
elementary or compound, they react in voJumes which bear n 
simple ratio to one another and also to the volume of the 
product, it gaseous (all volumes being measured under tlio sime 
conditions ot tempera tine and pies&ure). 

The law losts upon exponmcntnlly established facts Thiisr 
from experiments, wo know that 

1 vol. of hydrogen reacts with 1 vol. of chlorine producing 

2 vols. of hydrochloric acid gas (volume ratio is 1 - 1 : 2 ) 

2 vols. of hydrogen combine with 1 vol. of 0 x 3 gen giving rise 
to 2 vols. of steam (volume ratio is 2 : 1 • 2 ) 

I vol. ot nitrogen reacts with 3 vols. of hydrogen forming 
2 vols. of ammonia (volume ratio is 1 : 3 : 2). 

This law of gaseous volumes thus states that simple 
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relationship exists between volume of gases when they react 
chemically. A few years before the statement of Gay Lussac's 
law, it was established by Boyle and Charles that all gases 
behave similarly with change of pressure and temperature. Now 
Dalton postulated the 'atomic constitution of matter and 
explained all the laws of chemical combination by weight with 
the help of his Atomic Theory. 

It was suggested that Dalton’s Atomic theory would also 
provide a ready explanation of Gay Lussac’s law of Gaseous 
volumes, based on experimental facts. Dalton's Atomic theory 
postulates that chemical action always takes place between a 
simple number of atoms of different elements and Gay Lussac's 
law establishes that chemical action takes place in case of gases 
by simple volume relations. Led by these considerations 
Berzelius suggested that equal volumes of all gases under the 
corresponding conditions of temperature and pressure contain the 
same number of atoms. At the time when this statement was 
made, no distinction was drawn between the ultimate particles 
of elements and the ultimate particles of compounds. Dalton 
named the ultimate particles of compounds as compound atoms, 
but his. ideas were not clear in this respect. 

Now this hypothesis of Berzelius could not explain the 
actual experimental facts. For example, we know from actual 
experiment 

2 vols. of hydrogen combining with 1 vol. of oxygen give rise 
to 2 vols. of steam. 

Let n be the number of ‘atoms’ present in 1 vol. of hydrogen. 
Then from the statement of Berzelius, 2n atoms of hydrogen 
combining with n atoms of oxygen produce 2n atoms of steam. 

Or, 2 atoms of hydrogen combining with 1 atom of oxygen 
produce 2 atoms of steam. 

Hence, 1 atom of steam contains i atom of oxygen. Thus, 
every atom of oxygen must be broken up into half an atom to 
produce two atoms of steam. This is directly against Dalton’s 
Atomic theory, which postulates that atoms are indivi8ib?.e. 
Thus the hypothesis of Berzelius fails. 

To got over this difficulty Avogadro, an Italian physicist, in 
1811, drew up a distinction between the ultimate particles of 
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elements which are indivisible and which can take part in 
chemical reactions, and the ultimate particles of elements and 
compounds which can exist in the free state retaining all the 
properties of the particular element or compound. He called 
the former particles atoms and the latter particles molecules* 
When chemical reaction takes place, molecules first break up 
into atoms and atoms then take part in chemical action as 
suggested in Dalton’s Atomic theory. The molecule of a com¬ 
pound differs from that of an element in the sense that whereas 
the molecule of a compound is co^mposed of different kinds of 
atoms, the molecules of elements are made up of the samo kind 
of atoms. An atom is the smallest particle of an element that is 
found to be present in a molecule of any of its compounds. 

Avogadro then modified the hypothesis of Berzelius and 
stated that eq^^al volumes of all gases, elefnientary or compound, 
wider the same conditions of temperature and pressure, contain the 
same number of molecules* 

By applying this hypothesis to the case cited above, if n 
be the no. of molecules present in each volume of the gas, we 
shall have 2» molecules of hydrogen combining with n molecules 
of oxygen produce 2» molecules of steam or, 2 molecules of 
hydrogen combining with 1 molecule of oxygen produce 2 mole¬ 
cules of steam. Now each molecule of steam will contain at 
least 1 atom of oxygon and 2 molecules of steam will contain 
at least 2 atoms of oxygen. These 2 atoms of oxygen, therefore, 
must have come from 1 molecule of oxygen, or oxygen molecule 
contains at least 2 atoms of oxygen. This is not at variance- 
with Dalton’s Atomic theory and hence can stand* 

Thus Gay Lussac’s Law led tO' a distinction to be drawn 
between atoms and molecules* 

The density of any gas with respect to Hydrogen is the ratio 
of the weight of a certain volume of that gas to the weight of 
the same volume of Hydrogen both measured at the same tem¬ 
perature and pressure. Let D be the density relative to 
Hydrogen of any gas. Then, by definition,, we have 

_ wt* of V vols. of the gas _(under the same conditions of 

wt. of F vols. of Hydrogen temp, and pressure). 

Let “n” be the number of molecules present in F vols., 
of the gas. Then, by Avogadro’a hypothesis, we get 
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wfe. of molecules of the gas _ 
wt. of “»’* molecules of Hydrogen 
w t. of 1 mol ecule of the gas 
n X wt. of 1 molecule of Hydrogen 
wt. of 1 molecule of the gas_ 
wt. of 1 molecule of Hydrogen 

wj;. of 1 molecule of the gas (since Hydrogen molecule 
wt. of 2 atoms of Hydrogen is diatomic as proved 

from Avogadi'o's hy¬ 
pothesis). 

wt. of 1 molecule of the gas 
2 X wt. of 1 atom of Hydrogen 


Hence, 


^ _ wt. of 1 molecule of the gas 

2xD = ^ —- - - ■ — 

" wt. of 1 atom of Hydrogen 

= Molecular wt. of the gas (by definition). 


or Z) (of any gas) 


molecular wt. o^the gas 
2 


Thus'it is seen that density of aT\y gas is half its own mole¬ 
cular weight. 


Q. 2. How loam fluorine hohited ? Give a neat skeieh of the 
apparatus used. Ocympare its properiies with, those of chlorine. 

Ans. Preparation of Fluorine by Moissan’s method.—Fluorine 
is prepared by the electrolysis of a solution of potassium hydro¬ 
gen fluoride, KF, HF, in anhydrous hydro-fluoric acid, HF. The 
apparatus consists of a [/-tube made of an alloy of Platinum- 
Iridium iirovided with two side tubes and fitted with 
fluorspar stoppers. Two electrodes made also of Platinum- 
Iridium alloy and thickened at the bottom pass through these 
flubrspar stoppers. The whole apparatus is kept immersed in a 
bath of boiling methyl chloride at about—22®0. The [/-tube is 
^rd filled u]i with the electrolyte, a solution of Klf, HF in 
anhydrous HF. On passing the current through the electrolyte 
HF undergoes decomposition, Hg being liberated at the cathode 
and Fluorine at the anode. The Fluorine is led through a spiral 
of Pt kept immersed in boiling methyl chloride to remove any 
HF vapour by condensation. The gas is next passed through a 




1944] 


INTEBMEDIATB CHEMIgTBY 


111 


tube of Pfe packed with NaP which removes the last trace of 
HF. Fluorine is collected in a Pt—vessel by the upward 
' displacement of air. 



Fig. 22 


Coniimrison of the properties of Jlzwrme loith those of chlorine :— 
Physical Properties :— 


I 

Properties Fluorine 

i 


Chlorine 


(a) State of aggre¬ 
gation. 

(i») Colour 

(c) Odour 


(d) Heaviness or 
specific gra¬ 
vity. 

(e) Solubility in 
water. 


Gas 


Pale greenish yellow 
Irritating 


Slightly heavier 
than air. 


Decomposes water 
with evolution of 
ozonised oxygen and 
so solubility is not 
known. 


Gas 


Greenish yellow 

Irritating and 
pungent. 

times heavier 
than air. 


Pairly soluble in 
water, giving what 
is called chlorine 
water. 
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Chemical Properties :— _ 

Properties Flourine Chlorine 


(1) Reaction with Unites readily with 

Hj even in the dark 
with explosion with 
the formation of HF 
which is stable. 


Unites readily with 
H .2 in direct sunlight 
with explosion with the 
formation of HCl which 
is less stable than HF. 


(2) Reaction with Decomposes water 
water. j with the formation of 

I HF and evolution of 
j ozonised oxygen :— 

I 

: 2F,+2H,0=4HF+0.i 
! 3F2 + 3H.,0=6PIF + 0,. 

These reactions take 
place at the ordinary 
temperature. 


Decomposes water 
when the aqueous solu¬ 
tion is kept exposed to 
sunlight with the for¬ 
mation of HCl which 
remains in solution and 
evolution of oxygen 
2Cl,+2II,0=4HCH-0,. 

At O'C. forms crystals 
of chlorine hydrate, 
Cl,10H,O. 


(3) Bleaching 
.tion. 


Has destructive 
action on organic subs¬ 
tances. 


Readily bleaches 
vegetable colouring 
matter in presence of 
moisture. 


(4) Chemical acti- Most active : can 
vity. liberate Cl from chlo¬ 

rides, Br from bromides 
and I from iodides. 


Less active than 
Buorine: can liberate 
Br from bromides and 
I from iodides. 


(5) ^ Compounds Gives the oxide F.,0 

with 0.2 ' by direct combination. 

Another unstable 
oxide F-iO-j is also 
recognised. 


Forms several unstav 
ble oxides, C1,0, CIO,,. 
CI..O 0 and C 1 q 07 —all 
formed by indirect conw 
bination. 


(6) Reactions with 
alkalies 

{a) Dilute and 
Cold. 


(6) Concentrated 
and hot NaOH 
solution : 


With a 2% solution 
of NaOH, yields F,0 ; 

2NaOH + 2F, 
=^2NaF + F,0-fH,0. 

Evolves oxygen as 
gas and yields sodium 
fluoride. 


With cold and dilute 
NaOH yields sodium 
chloride and sod'um 
hypochlorite. 
2NaOH-l-Cl,» 
NaCl-hNaC10-|-H,0. 

Yields sodium chlorate 
and sodium chloride 
6NaOH+3Cl,- 
NaClO.+SNaCl + 3H..0. 
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Q. 3. Describe how you would determine the composition of 
ammonia by volume as well as by weight* 

How is the molecular forvaula of the gas deduced 
from its cmnposition ? 

Ans. The composition by volume of ammonia is 
determined by Hoffman's method. 

The fact that ammonia is decomposed by chlorine 
producing N 2 and forming NH 4 CI is taken advantage 
of in this method to show the volumetric composi¬ 
tion of ammonia. 

A long glass tube fitted with a stop-cock at one 
end and a small dropping funnel at the other, is 
marked off into three equal divisions by India- 
rubber rings (Fig. 2b). The tube is completely 
filled up with chlorine gas. A strong solution of 
ammonia is admitted into the tube drop by drop 
from the funnel until the reaction between the 
chlorine and ammonia ceases. Chlorine combines 
with the hydrogen of ammonia giving HCl and nitro¬ 
gen is set free. HCl now reacts with excess of 
ammonia producing white fumes of NH4CI. 
8iS[H;,+3Cl2=6NH4Cl + N2i • 

When an excess of ammonia has been added to 
Fig. 23 ensure its complete conversion into NH 4 CI and N 2 , 
the excess of ammonia is neutralised by adding dilute H 28 O 4 
in excess. The stop-cock of the dropping funnel is now turned 
off, and the tube is placed in a tall jar containing water.. The 
bottom stop-cock is now opened, when water rushes up and fills 
the tube nearly upto the second mark from the bottom. The 
level of water inside and outside the tube is now made the same, 
when the residual gas is found to occupy one-third of the vol. of 
chlorine taken. That the residual gas is Nitrogen is proved by 
the facts that it is inert, it does not readily combine with other 
elements and it is absorbed by strongly heated Magnesium. 

We know that Hydrogen and Chlorine combine in equal 
volumes to form HCl gas. Therefore, 3 vols. of Chlorine taken 
in the tube, must have combined with 3 vols. of Hydrogen. 
These 3 vols. of Hydrogen must have come from Ammonia 
gas, which ha^ simultaneously liberated 1 vol. of Nitrogen. 
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Thus, ammonia is made up of one volume of Nitrogen combined 
with three volumes of Hydrogen, 

Let 1 vol, of Nitrogen contain “w” number of molecules. 
molecules of Nitrogen combine with “3n*‘ molecules of Hydrogen 
to form Ammonia (Avogadro) or 1 molecule of Nitrogen combines 
with 3 molecules of Hydrogen to form Ammonia. 

but both Nitrogen and Hydrogen molecules are diatomic. 

2 atoms of Nitrogen combine with 6 atoms of Hydrogen to 
give Ammonia. 

No. of atoms of Nitrogen present in Ammonia 2 1 

Q2* --------:---^ • 

’ No. of atoms of Hydrogen present in Ammonia 6 3 

■ Hence the formula for Ammonia is (NHg))^. Now the density 
of Ammonia determined experimentally is 8*5. the molecular 
wt. of Animonia is 17. This tallies with the formula NHs» 
Hence the molecular formula for Ammonia is NH 3 , x being 
equal to 1 . 

Composition of ammonia by weight :— 

'Pure and dry ammonia gas is passed successively over 
heated black oxide of copper, CuO, placed covering the major 
portion of a long hard glass tube and then over red-hot metallic 
copper gauze placed at the other end of the same glass tube. 
The end where copper gauze is placed is connected with a 
weighed fj-tube containing fused OaCla, where water produced 
by oxidation of ammonia is absorbed. The GaCl 2 -tube in its 
turn is connected to a gas delivery tube, which is put under 
a gas-measuring tube filled with water and inverted over water 
in a trough. The copper oxide tube with copper and the CaCla- 
tube are weighed very accurately and then arranged as stated 
before. Ammonia gas is then passed for sometime till all the 
air from inside the whole apparatus is driven out and replaced 
by ammonia. The copper oxide tube is then strongly heated 
in a' furnace. Ammonia is oxidised, and water and nitrogen are 
produced according to the equation 

2 NH 3 + 3CuO - 3Cu + SHgO + N 2 . 

Any oxide of nitrogen that might be formed is reduced by red- 
hot copper gauze to free nitrogen. Water is absorbed by OaClg 
( 7 -tube and nitrogen collects in the gas measuring tube by 
displacement of water. After the experiment is over, the gas 
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meaBuring tube is, closed with the thumb and dipped into a tall 
jar full of water and the level of water inside and outside the 
tube is made the same. The volume of nitrogen is then read 
off. The temperature of water in the tall jar is noted as also 
the barometric pressure. The copper oxide tube, when cooled 
to room temperature, is weighed again and the GaGl 2 17-tube 
is also weighed accurately. 

The volume of nitrogen found is converted into a volume at 
N.T.P. after allowing for the aqueous tension at the tempera¬ 
ture found and then multiplying this volume with 0*00126 we 
get the weight of nitrogen produced. The loss in weight of the 
copper oxide tube represents the weight of oxygen used up. 
The gain in weight of the GaGla ?7"tube gives the weight of 
water produced. By taking the difference of the weight of 
water and the weight of oxygen used up, we get the weight of 
hydrogen. This weight of hydrogen is in combination with 
the weight of nitrogen calculated before in ammonia. 

Deduction of formula from composition hy weight of ammo" 
nia .—If the experiment be carefully performed, it is always 
found that 14 parts by weight of nitrogen is in combination 
with 3 parts by weight of hydrogen to produce ammonia. But 
14 is the atomic weight of nitrogen and 3 can stand for 3 atoms 
of hydrogen, for the atomic weight of hydrogen is one. Hence 
the formula for ammonia is (NHs)®, where a; is an integer. Now 
the density of ammonia, as determined experimentally, is y*5. 
Therefore, its molecular weight is 17. Hence (14 + 3)a; = 17 or 
«==!. 

the molecular formula of ammonia is NHg, 

Q. 4. Describe experiments hy which you can prove that both 
air and nitrous oxide contain the same constituents. What-is the 
evidence that in one case the constituents are chemically ccytnbined^ 
while in the other they merely form a mechanical mixture ? 

Ans. The same constituents of both air and nitrous oxide 
are oxygen and nitrogen. That air contains oxygen can be 
proved by exposing a jar of nitric oxide, NO» to air, when, 
reddish brown fumes of NO 2 are produced, due to the combi¬ 
nation of NO with oxygen of air. That nitrous oxide contains 
oxygen can be proved by passing nitrous oxide over heated 
metallic copper placed in a bard glass tube and collecting the 
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issuing gas fey diBt>lacement of water. The metallic copper ia 
converted mainly into black oxide of copper by oxygen present 
in nitrous oxide and the gas collected can be proved to be- 
nitrogen. That copper has been converted into oxide only can 
be shown by taking a quantity of it in a bulb-tube, weighing 
the bulb-tube along with this black substance, connecting tho 
bulb-tube at one side with a pure hydrogen generator and the 
other end to a GaOla-tube with a guard tube, the two together 
being weighed ; pure hydrogen gas is then passed and the bulb- 
tube with the black particles are strongly heated. Water formed 
by this experiment collects in the OaCl 3 -tube. The apparatus 
is then cooled in the atmosphere of hydrogen. The glass bulb 
is then detached and weighed. The CaCl 3 -tube with the guard 
tube is then detached and weighed. The water formed as 
calculated from increase in weight of CaCla-tube is found to 
Correspond to the loss in weight suffered by the bulb-tube 
calculated on the assumj)tion that the loss in weight is due to 
removal of oxygen. This proves that the black substance is 
nothing but oxide of copper. That air also contains nitrogen 
can be i^roved by burning phosphorus in a closed volume of air 
and testing the residual gas which can be proved to be nitrogen 
by the usual tests. 

. Tn nitrous oxide, the elements nitrogen and oxygen are 
chemically combined because these two elements are present 
in definite proportions by weight and these two elements cannot 
be separated by easy mechanical means and mere blending of 
nitrogen and oxygen in the proportion in which they occur in 
nitrous oxide does not give rise to nitrous oxide. Moreover, 
the individual properties of nitrogen and oxygen are found to 
bo absent in nitrous oxide. 

Air is a mechanical mixture of nitrogen and oxygen because 
( 2 ) these two elements are present in air in slightly varying 
proportions in different localities ; ( 2 ?) the two elements can be 
separated by easy mechanical means, by diffusion or by 
solution in water. Air expelled from solution in water has 
a different composition from air which is originally dissolved 
in water, fractional evaporation of liquid air causes separa¬ 
tion of nitrogen and oxygen, (ni) When nitrogen and oxygen 
are mixed together in the same proportion as they occur in air, 
the mixture behaves in all respects as air. (?t») The individual 
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properties of nitrogen and oxygen are all found to be present 
in air. / 

vQyO. How ts potassium chlorate prepared ? State its uses. 

Calculate the amount of potassium chloi ate which on complete 
decomposiUon ivill yield just sufficient oxygen for the complete 
combustion of 1620 c,c. of a gaseous mixture, consisting of 20pe^' 
cent, methane and 80 per cent, carbon monoxide, ai 27°C,, and 760 
mm, pressure. 

[ K^Od'O, Cl^,i6'6, 0-J6UJ 

Ans, Preparation of potassium chlorate, KClOs* —Chlorine is 
generated by heating Mn 02 with cone. HCl in a flask. The gas 
is washed with water and is then passed into a strong solution 
of KOH in water contained in a beaker by means of an inverted* 
funnel. The beaker is taken away as soon as the liquid strongly 
smellb of chlorine. Tlie solution is then cooled, when crystals 
ot KOlOi separate out. The liquid is decanted off, the crystals 
are washed with a little cold water and KCIO^ re-crystallised 
from hot water. 

GKOH + 3C1, = KClOj + 5KC1 + 8 H 2 O. 

Uses of KClOi. —Potassium chlorate ns used in the laboratory 
for the ])Te|)aratiori of oxygen ; it is also used in the manufacture 
)t matclics, in preparation of explosive and pyrotechny. It 
has also medicinal use. As an oxidising agent, it is employed in 
cliemical analysis. 

I jet V he the volume of the gaseous mixture at N. T. P. 

Then by Boole's and Charles’ laws, we ha\e, 

1620 X 750^ F''7h0 
273 + 27 “■ 273 

, 1620x750x273 

whence T= 300^700 

= 1366 o.c. 

Since the gaseous mixture contains 20 per cent, methane, 

20 

"therefore, the volume of methane present = ^qq x 1366 c.c. 

— 27J'2 c,c. at N.T.P. 

Similarly, the volume of carbon monoxide present m the 
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gaseous mixture « x 1366 c.o. *= 1092*8 c.o. at N.T.P. 

Now from the equations, 

CHi + 2O2 ®=C 02 +2H2O 

1 vol. 2 vols. 

200 + Oa-2COs 

2 vols. 1 vgI. 

We know that, 

1 vol. of methane requires 2 vols. of oxygen for complete* 
combustion and 2 vols. of carbon monoxide require 1 vol. of 
oxygen for complete combustion. 


Therefore, 273*2 c.c. of methane at N.T.P. will require for 
complete combustion 646*4 c.c. of oxygen at N.T.P. and 1092*8 
c.c. of carbon monoxide at N.T.P. will require for complete 
combustion 646*4 c.c. of oxygen at N.T.P. Hence, the total 
volume of oxygen required for complete combustion = 1092*y c c. 
at N.T.P. 


Then, from the equation, 

2 KCIO 3 = 2KC1 + 3 O 2 
2 X 122*5 3 X 32 

We know that 3 x 32 grams of oxygen can be obtained from 
2 X 122*5 grams of potassium chlorate ; that is, 3 x 22*4 litres of 
oxygen at N.T.P. can be o])tained from 3 x 122*6 grams of 
potassium chlorate, since molecular weight of any gasi expressed 
in gi-ams, occupies 22*4 litres at N.T.P. Hence 1092*8 c.c. of 


oxygen at N.T.P. can be obtained from 


2^ 122*5 
3 X 22400 


X 1092*8 


grams, 


or 3*982 grams of KCIO 3 . 


Q. 6. How would you retnove small quaniities of {a) nitric 
oxide from nitrous oxide, (h) hydrogen chloride from chlorhie, (c) 
water from ammonia, (d) chlorine fro7n oxygen, {e) sulphuretted 
hydrogen from hydrogen and if) bromine vapour from hydrohromic 
acid gas ? 


Explain in each case the action of the reagent you would use 
giving equation. 
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ifl) A cold solution of ferrous sulphate is taken and the 
gas mixture is bubbled through it. Nitric oxide is absorbed by 
ferrous sulphate solution, giving a brown solution containing the 
compound, FeS 04 , NO. Nitrous oxide also dissolves in water 
present in the solution till it is saturated and then it escapes 
free from nitric oxide and can be collected as usual over warm 
water. 

FeS04+N0«FeS04. NO. 

(h) The gas mixture is to be bubbled through cold water, 
first both hydrogen chloride and chlorine dissolve in water till 
water becomes saturated with chlorine. Hydrogen chloride is 
more soluble than chlorine and so it dissolves completely in 
water, chlorine escapes in the pure state and can be collected by 
displacement of brine, free from hydrogen chloride. 

(c) Ammonia containing water is passed through a lime 
tower containing quicklime. Water is absorbed by CaO with 
the formation of Ca(OH) 3 . 

Ca0 + H20 = Ca(0H),. 

Dry ammonia will come out of the lime-tower and can be 
collected by displacement of mercury. 

(d!) Oxygen containing chlorine is to be passed through a 
solution of NaOH. Chlorine will be absorbed by NaOH solution 
producing sodium hypochlorite and sodium chloride. Oxygen 
coming out in the pure state can be collected by displacement of 
water. 

2NaOH + Cla = NaCl + NaOCl + HgO. 

(c) Hydrogen containing sulpluiretted hydrogen is '^o be 
bubbled through a solution of lead nitrate. UgS will be absorbed 
with the precipitation of lead sulphide and hydrogen will be 
coming out free from HaS and collected by displacement of 
water. Pb(N 03)2 + HaS = PbS + 2 HNO 3 . 

if) Bromine vapour can be removed from hydro-bromic 
acid gas by passing the mixture through a ?7-tube containing 
glass beads and moist red phosphorus. Moist red phosphorus 
reacts with bromine forming HBr and phosphorous and phos¬ 
phoric acids. Hydrobromic acid gas escapes froiU the CT-tube in 
the pure state and can be collected by upward displacement of 
of air. 
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P *+ 3Br - Ppra PBr a + 3HaO « 3HBr + HaPOa. 

P + 6 Br -PBrs PBr 5 + 4HaO - 6 HBr + H 3 PO 4 . 

Q. 7. Describe without entering into details^ an example of 
isolating metals from their ores by each of the following processes :— 

(a) The reduction of their oxides with carbon or carbon 
monoxide, 

(b) Self-reduction of their sulphides, 

(c) Electrolysis of their compounds. 

Give a short account of the general properties of metals. 

Ans, (a) By preliminary roasting of the common ores of 
zinc (zinc blende, ZnS, or Zincite, ZnCOa) we can get zinc oxide, 
ZnO. 

, 2ZnS + SOa “ 2ZnO + 2 SO 2 
ZnCOa = ZnO + CO 2 . 

The oxide is then thoroughly mixed with carbon in the form 
of powdered coal or anthracite and the mixture heated to redness 
in cylindrical retorts made of fire-clay with the help of gaseous 
fuels. The oxide is thereby reduced to metallic zinc, 

ZnO + C =* Zn + CO. 

Perric oxide is obtained by preliminary calcination of ores 
(either red haematite, Fe^Oa, or brown haematite, 2 Feo 03 , 
SHaP or spathic iron ore, FeCOa). This ferric oxide is fed into a 
blast furnace along with coke and limestone and a blast of hot 
air is passed in through tuyeres. Carbon of coke first burns to 
carbon dioxide but is reduced by the layer of red-hot coke in its 
upward passage to carbon monoxide. Ferric oxide is reduced 
inside the blast furnace partly by carbon of coke and partly by 
carbon monoxide. 

C + Oa^COg ; C02+C = 2C0. 

Fe 203 +3C“2Fe + 3C0. 

FeaOa + 3CO =* 2Fe + SCOg- 

(b) Lead is extracted from galena, PbS, by the process of 
self-reduction of this sulphide. Galena is first carefully roasted 
in a reverberatory furnace when it is converted partially into 
lead oxide and partially into lead sulphate while a portion of 
galena remains as such. 

2PbS + 30a-2Pb0 + 2S02 
PbS + 202»PbS04. 
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A little quantity of quicklime is then added to the mixed 
oxide, sulphate and sulphide and the temperature of the furnace 
is then raised to bright red-heat by closing the doors and 
windows of the furnace, when reaction takes place between oxide 
and sulphide, and sulphate and sulphide with the production 
of metallic lead and sulphur dioxide. 

2Pb0 + PbS = 3Pb + S03. 

PbS 04 + PbS « 2Pb + 2SOs. 

(c) Sodium can be prepared by the electrolysis of fused 
sodium chloride and calcium can be obtained by the electrolysis 
of fused calcium chloride. In case of electrolysis of fused 
calcium chloride taken in a graphite crucible which is made the 
anode, the cathode being an iron rod kept dipped just below the 
surface of fused CaGl 2 > calcium is liberated at the cathode and 
chlorine at the anode. 

General properties of metals .*— 

Metals are elements which are mostly solids, only exceptions 
being mercury which is liquid at ordinary temperatures. They 
possess a characteristic lustre in the solid state or in the fused 
condition. In a very finely-divided state most metals. appear 
black. Metals are generally found to possess malleability, 
ductility and tenacity. They are also characterised by their 
power of conducting beat and electricity. 

Metals generally possess a high specific gravity, with some 
exceptions. l\lotals with a sp. gr. less than 5 are called light 
metals which include metals like Na, K, Mg, Al, etc., and those 
with sp. gr. higher than 6 are known as heavy metals. Metals 
in the fused state dissolve one another, producing mixtures or 
compounds which are known as alloys. 

Ghemical : r 

Metals combine with oxygen, either at ordinary temperature 
or when heated, forming their oxides. The oxides are mostly 
basic, but some are amphoteric like zinc oxide, aluminium oxide, 
etc. Metals generally displace hydrogen from an acid with the 
formation of their corresponding salts. Metals like gold, plati¬ 
num, etc. are called noble metals and these do not readily 
combine with oxygen, nor do they dissolve in ordinary single 
acids. Copper, mercury, zinc, iron, etc., do not give hydrogen 
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with nitric acid but give rise to nitrogen, or . oxides of nitrogen 
or ammonia under different conditions. Halogens readily 
combine with metals giving their halides. 

Q. 8. What is the difference in composition between cast iron^ 
steel and wrought iron ? Describe their properties and uses. 

How is steel manufactured by the Bessemer s Process t 
Explain the reactions that occur. 

Given metallic iron, how would you prepare from it ferrous 
sulphate, ferric chloride and magnetic oxide of iron ? 

Ans. Difference in composition between cast iron, steel and 
wrought iron, is given in the following table along with their 
properties on a comparative basis :•— 


Properties 

Cast Iron 

Wi ought Iron 

Steel 

.. . 

Carbon 

content 

■■ ■ ... 

2-5% 

012 - 0’25% 

0*25 -1*5% 

Impurities 

Also impuri¬ 
ties like Si, 

Mn, P, S etc. 
are present 

Purest form 
of commercial 
iron 

Intermediate in 
purity between 
cast iron and 
wrought iron 

Hardness 

Hard 

Hard 

Hard and soft 

Malleability 

Brittle 

1 

Malleable 

^Tolleable and 
brittle 

Appearance ; 

Crystalline 

Fibrous 1 

1 

Crystalline 

Melting point 

t 

1200°C. 

ISOO’^C. 

1300°—1400®C, 

i 

Tempering ^ 

1 

1 

Cannot be 

tempered 

, 1 

Cannot be 
tempered 

1 

Can be 
tempered 

1 

Magneti¬ 

sation 

! Cannot be per¬ 
manently mag¬ 
netised 

Cannot be 

permanently 

magnetised 

Can be perma¬ 
nently magne¬ 
tised 
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The difference in properties of the different forms of iron ia 
due to the presence of different proportions of other elements, 
combined and uncombinedt in iron. 

Uses : 

Cast iron is used for casting ornamental iron goods like 
railings as also for iron articles. It is also used for the manu¬ 
facture of steel and wrought iron. Steel is used in the manu¬ 
facture of railway lines, locomotives, joist, etc.; in the manu¬ 
facture of war implements, a ppliances used in husbandry surgical 
instruments, cutlery, etc. It is also used in preparing artificial 
magnets, watch springs, etc. Wrouqht iron is used in the 
preparation of cores of electromagnets, piano wires and wires 
for binding flowers. 

Manufacture of Steel by Bessemer’s Process ;— 



Fig. 24 

At the present time steel is mostly prepared by the Bessemer’s 
process. The process consists in oxidising the impurities pre¬ 
sent in cast iron, by blowing a blast of air through the molten 
metal. The operation is carried out in a large pear-shaped- 
vessel made of wrought iron plates rivetted together, known as 
a converter. It is mounted on trunions, so that the converter 
can be tilted in any position, either vertical or horizontal, with 
its help. An air-chamber is fitted to the base, and through this 
air-chamber a powerful blast of air can be admitted. The con¬ 
verter is lined either with siliceous material (in acid Bessemer 
process) when the cast iron is free from phosphorus, or with 
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burnt dolomite 6r magnesite (in basic Bessemer process) when 
phosphorus is present as impurity in cast iron. 

The converter is first tilted into the horizontal position and 
a quantity of molten cast iron directly from the blast furnace is 
run in. The blast of air is then started and the converter 
immediately swung back into a vertical position. Within a very 
short time the whole of the impurities is burnt away. The 
completion of the operation is sharply marked by the sudden 
disappearance of the flame from the open mouth of the conver¬ 
ter* The blast is stopped at this stage in the acid Bessemer 
process, but in the basic Bessemer process that blast is continued 
for a few minutes even after the dropping of the flame and it is 
stkted that during this after-blow phosphorus is removed. The 
converter is then, once more tilted into a horizontal position and 
an exact quantity of molten Spiegel (a mixture of 0, Fe and 
•Mn, containing about 20% Mn) is then added to recarburise the 
steel ; the blast of air is then turned on for a short time 
in order to mix the materials thoroughly. Next the contents 
are poured out into ladles. In case of phosphatic ores Spiegel is 
added after pouring the molten charge on to ladles. 

The reactions that occur are :—Silicon is first attacked and 
oxidised to silica, SiOa. which combines with FeO also formed 
l^roducing a slag of ferrous silicate. Manganese is also oxidised 
and the oxide of manganese also passes into slag as manganese 
silicate. Iron is then attacked and the oxide of iron formed 
attacks carbon jiroducing carbon monoxide. This carbon mono¬ 
xide burns at the mouth of the converter with sparks from 
•iron burning to a certain extent. In the basic i)rocess, phos¬ 
phorus is oxidised at tho end into PyOg and this PyOg com¬ 
bines with the MgO and CaO of the lining, forming phosphates 
which are removed as slag and used as manure. In the basic 
. process some lime is also added along with the charge of cast 
iron in order to keep the slag basic. 

Ferrous sulphate from metallic iron ; 

Metallic iron is dissolved in dilute sulphuric acid, tho 
solution is filtered and the filtered solution is concentrated by 
evaporation out of contact with air. 

FeH-HoSO* — FeSO^ + Hg. 
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On crystallisation, crystals having the composition FeSO^, 
7HsO separate out. 

Ferric chloride from metallic iron ; 

Ferric chloride is known both in the anhydrous state (FeCls) 
and in the hydrated condition (FeCTa, 6 H 2 O). 

Anhydrous ferric chloride can be obtained from metallic iron 
by passing a current of dry chlorine over heated (900°—1000°C.)’ 
metallic iron in the form of wires taken in a hard glass tube 
which is connected to a receiver. Black FeCls collect's inside 
the receiver. 

2Fe + 3Cl2=Fe2Clo. 

Hydrated ferric chloride is prepared by dissolving metallic 
iron in aqua regia, filtering the solution and then evaporating 
the filtered solution to crystallisation when yellow crystals of 
hydrated ferric chloride separate out. HN 03 + 3HC1== 
2H2O + NOOI + 2OI 
nascent 

Fe + 3C1“ FeCls. 
nascent 

Magnetic oxide of iron (Fe^Ot) from the metallic iron : 

Metallic iron in the form of scraps is heated strongly in an 
iron tube and steam is passed over it. Hydrogen escapes as 
gas and magnetic oxide of iron formed remains in the iron tube 
from which it can be obtained by pouring it out after cooling. 

3Fe 4- 4 H 2 O — FcoOi + 4EL2. 


1944 

SECOND PAPER 

Q. 1 . What do you understand by a standard solution f 
How can you prepare a deci-normal solution of sulphuric acid P 
When one litre of a solution of silver nitrate was electrolysed, 
for sometime, *1259 grams of the metal were d&posited on the 
cathode. 20 c.c. of the solution gave 1*677 grams of silver chloride 
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after electrolysis* Find the strength of the solution in terms of 
normality before and after the electrolysis, 

[Ag*108. N = 14, Cl = 36*6] 


Ans. The standard solution of a substance is a solution 
'which contains a known weight of the substance dissolved in 
a known volume of it. Thus, she strength of a standard solution 
may be varied at will. Generally standard solutions are 
prepared in terms of normality, i.e.y in terms of fractions or 
multiples of equivalent wt. of the substance expressed in grams 
being taken and dissolved in a litre of the solution. 


Preparation of H 2 y 04 . 

In brder to prepare, say 1 litre, of a deci-no rmal 



solu¬ 


tion of sulphuric acid, its gram-equivalent is to be taken 

and dissolved in distilled water by adding the acid with stirring 
to wa.ter and the volume of the solution to be made up to 
1 litre in a litre-measuring flask. Now sulphuric acid is a 
hygroscopic liquid and so it is not convenient to weigh it out 
accurately. Moreover, pure and concentrated sulphuric acid 
as supplied in the laboratory contains about 96% HaSO.! proper. 
Hence, the best procedure is to determine the sp. gr. of the 
•sulphuric acid supplied with the help of a hydrometer and to 
find out the sulphuric acid content from a table. Suppose, 
the sp. gr. found is 1*8 and the sulphuric acid content as found 
from the table is 96% (app.). Now in order to prepare a deci- 
normal solution of sulphuric acid, we are to take 4*9 grams of 
HaB 04 proper, dissolve it in distilled water and the volume of 
the solution to be made upto 1 litre. (Equivalent weight of 
sulphuric acid is 49 grams). Now in order to get 4*9 grams 


of sulphuric acid proper, we are to take 


4*9 >aop 

96 


or 5*104 grams 


of the sample supplied. Now, since the sp. gr. of the sample of 
.sulphuric acid is 1*8, therefore, the volume of the sample to be 

6*104 

taken is ~ 2*83 c.o. 


Actually 3 c.c. of the sample of sulphuric acid is measured 
•out in a measuring pipette and added to distilled water ccn* 
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tained in a beaker with constant stirring. The solution so 
produced is next transferred to a litre flask and the beaker is 
washed twice or thrice with distilled water and washings also 
transferred to the litre flask. The volume of the solution is 
then made upto 1 litre with distilled water and the solution 
thoroughly shaken. This solution will be a little stronger than 
deci-normal. 

Then an exactly deci-normal solution of pure Na 2 C 03 
(obtained by heating NaHOOg) is prepared by weighing, out as 
accurately as possible d’3 grams of it, dissolving it in distilled 
water and making up the volume upto 1 litre with distilled water 
in a litre flask. 

26 c.c, of this ^ solution of NaoCOs is taken out by 

means of a rinsed pipette into a clean procelain basin, two or 
three drops of Methyl orange (indicator) are added- to it when 
it turns yelloxo and then the basin is placed below the burette. 
Tbe acid solution prepared as stated above is taken in the 
burette in such a fashion that the upper meniscus of the acid 
coincides with the zero-mark of the burette. The acid is then 
added drop by drop with constant stirring with a glass rod- till 
the solution turns just jnnlc. The reading on the burette corres¬ 
ponding to the lowest edge of the meniscus is taken. Three 
such readings are taken each time, starting from the zero-mark 
of the burette coinciding with the lowest meniscus of the acid. 
The two consecutive readings must agree. 

N 

Let us suppose that 25 o.c, of NagCOs solution =20 c c. 
of the sulphuric acid solution. 

In this case, therefore, 20 c.c. of the acid solution is to be 
diluted to 25 c.c. by addition of 5 c.c. of distilled water to give 
an exactly deci-normal solution. 

That is, we are to measure out 800 c.c. of the acid solution 
prepared in a litre flask and dilute it with 200 o.c. of water to 
produce an exactly deci-normal solution, the solution being 
thoroughly shaken afterwards. 

The molecular weight of silver chloride, AgOl is 108 + 36*5 
or 143*5, in which silver present is 108. Therefore, in 1*677 
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grams of silver chloride, silver present is 


r677 X108 

“ 143 ^” 


or 


1*2621 grams. And this amount of silver is present in 20 c.c. 
of the solution given after electrolysis. Hence, in 1000 c.c. 
of the solution, after electrolysis, the amount of silver present — 


1*2621 X 1000 
“20 


grams = 63*105 grams. 


Now normal solution of 


silver nitrate is that which will contain 108 grams (one gram- 
equivalent) of silver. Hence the normality of the solution after 


: 63*105 

electrolysis = “ 


N = 0'5843N. 


Before electrolysis, since 


from a litre of the solution by electrolysis, 0*1259 gram of silver 
was deposited, the solution contained (63*105+ 0’1259) or 63*2309 
grams of silver. 

Hence, before electrolysis, the normality of the solution 


63*2309 
' 108' 


N = 0*58647N. 


Q. 2. Nchme th6 sources from lokich silver can he obtained. 
Describe Darke's method for extraction of silver. Explain clearly 
the part played by zinc in the extraction. How is the metal 
obtained in pure condihon ? 

From a soluble salt of silver, silver chloride is obtained as a 
precipitate. How can you convert it into the m-etal ? 

How can a coating of silver be applied on the surface of a 
metal and glass ? 

Briefly state the chemistry of photography. 

Ans. Silver can be obtained from its sulphide and chloride 
ores and oftentimes from argentiferous galena. Important ores 
of silver from which silver is extracted are :— 


( 1 ) ArgenUte or silver glance, Ag 2 S. 

( 2 ) Gopper-silver glance or Stromeyerite (Cu, Ag)e,S. 

(3) Buby Silver or Pyrargyrite, SAgaS, Sb^Ss. 

(4) Proustite, 3 Ag 2 S, A 82 S 3 . 

■ ( 5 ) Horn silver or Ghlorargyrite, AgCl. 

Silver is recovered from lead obtained from argentiferous 
lead by Parke’s method. When the argentiferous lead contains 
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less than 1% of silver, it is concentrated with regard to silver by 
this method and then silver recovered from the enriched lead* 
silver alloy by the Cupellation process. In this method zinc is 
added in molten condition to molten argentiferous load, when 
on stirring the mixture most of the silver goes to form an alloy 
with zinc. This alloy of zinc and silver, being lighter than lead, 
floats on the surface of molten lead. This alloy, on cooling, 
solidifies before lead begins to solidify. This solid alloy of zinc 
and silver is therefore readily skimmed off by perforated ladles. 
This zinc-silver alloy is then distilled from plumbago retorts, 
when zinc distils over, leaving behind a lead-silver alloy very 
rich in silver. This lead-silver alloy is cupelled, by being 
heated strongly on a cupel or teat, made of bone-ash and set in 
the bed of a reverberatory furnace. A blast of air is projected 
on the alloy during heating. Lead is oxidised to lead monoxide 
by the blast of air and the molten oxide of lead (litharge) over-, 
flows by the force of the air-blast into iron pots i^laced beneath 
the cupel. Towards the end the thin film of litharge formed is 
absorbed completely by the porous cupel and the bright white 
silver surface suddenly shows itself, the phenomenon being 
known as the flashing of silver. The metallic silver so produced 
is then cooled and collected. 

The action of zinc in Parke’s j)roces 8 is to extract silver from 
lead and alloy with the silver extracted forming a lighter and 
less fusible alloy than the alloy of lead and silver. From this 
zinc-silver alloy, zinc can be easily separated by the process of 
distillation, zinc being the most volatile metal of the three : 
zinc, silver and lead. 

On a large scale silver is refined by the Electrolytic process 
Pure silver nitrate is dissolved in distilled water in a vessel 
and 1 % HNO 3 is added to it. A plate of pure silver is dipped 
in the solution and made the cathode, whereas the sample of 
the impure metal to be refined in tlie form of a cubic block 
is dipped in the same solution and made the anode. Electric 
current of requisite strength is then passed in with the help of 
a battery and the solution of silver nitrate containing nitric 
acid is thereby electrolysed. Pure silver is deposited on the 
cathode, and silver from the impure sample passes into solution. 
The impurities present in the sample like copper, gold, etc.. 
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either pass into solution or are deposited at the bottom of 
the vessel. 

In order to convert the silver chloride precipitate into 
metallic silver, the precipitate of silver chloride is first dried 
and then mixed with pure NaeOOs. The mixture is taken inside 
a crucible made of pure lime and fused by application of heat, 
when a button of pure silver is obtained. 

4Ag0l + 2 NaaC 03 = 4Ag + 4NaOl + 200* + O^. 

In order to apply a coating of silver on the surface of a 
metal, a solution of potassium silver cyanide, KAg( 0 N) 2 , obtained 
by adding KON in excess to silver nitrate solution, is taken in 
a vessel. The metal to be coated with silver is thoroughly 
cleaned and polished and is then dipped into that solution and 
made the cathode, while a piece of silver is dipped in the same 
solution and made the anode. An electric current of requisite 
strength is then passed from a battery when silver dissolves at 
the anode and is deposited at the cathode forming a coating. 
The metal with silver coating is taken out of the bath from 
time to time and brushed with a metal brush in order to 
produce a shining surface. 

A coating of silver on glass surface can be given by placing 
the thoroughly cleaned piece of glass to be coated with silver 
inside a • solution’^of silver nitrate taken in a flat basin, to which 
a solution of Kochelle salt is added when a white ppt. of 
silver tartrate is formed. This white ppt. is dissolved by addi¬ 
tion of NH 4 OH. The flat basin is then warmed by placing it 
in a bath of boiling water. A beautiful mirror of silver is 
formed on the glass surface. 

Chemistry of Photography : 

The photographic plate or film usually consists of particles 
of silver bromide, with other substances, embedded in gelatine. 
The parts of such a plate or film, on exposure to light, lose 
minute quantities of bromine (from the exposed part) which goes 
to combine with gelatine present, so that the action is no longer 
reversible. When exposure is over, the plate or film is taken out 
in a dark room, treated with a suitable developing agent, such as 
hydroquinone which reduces the affected portion of silver 
bromide to metallic silver. A visible image is thereby 
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developed. The unexposed and unaffected silver bromide is 
removed by solution in a fixing bath containing a solution of 
sodium thiosulphate which dissolves out all unchanged AgBr, 
By this means the negative is produced where light and shade 
of the original object is reversed. In order to get a positive 
print the negative is placed in contact with a sensitive paper 
coated with AgBr as in the original film and the two together 
are exposed to light for a little time. By this means an 
invisible image is produced on the sensitive paper just opposite 
in character to the negative with respect to light and shade. 
This sensitive paper is then taken out and developed and fixed 
as before to give the final print. 

During developing the reactions that take place, can bo 
represented by the equation 

C6H4(0H)2 + 2AgBr = 0eH4O2 + 2x4.g + 2HBr, 

During fixing, the reaction is 

3AgBr + 4Na2S203=Na5[Ag3(S202)4] + 3NaBr. 

The positive print is after\i^ards coned by dipping the print 
into a solution of either gold chloride or platinum chloride, 
whereby particles of silver are replaced by gold or platinum. 
This process is, however, optional. 

Q. 3. Describe the changes that take place when — 

(а) a jet of burning hydrogen is introduced into a jar of 
chlorine^ 

(б) Ozone is led into a solution of ethylene or, ozone is intro¬ 
duced into a solution of potassium iodide, 

(c) dry chlorhie is passed over heated tin, 

{d) hydrogen chloride is passed over heated aluminium, 

(fi) zinc dust is added to a solution of copper sulphate. What 
are the product’i formed in each of the above cases ? Represent 
the reactions by equation. 

Aus. {a) The jet of burning hydrogen continues to burn 
with evolution of white fumes of hydrogen chloride. 

H2+Cl2“2HCl. 
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(6) When ozone is led itito ethylene, ozone is ■absorbed with 
the production of ethylene ozonide« 

CaH^+Oa^CsH^Os. 

It is stated to be a solution of ethylene, and if water be 
present in that solution, then formaldehyde and hydrogen 
peroxide are produced. 

CgH^Oa +H20«2CH20 + H202. 

Formaldehdye 

Or* when ozone is introduced into a solution of potassium 
iodide, iodine is liberated and ozone is reduced to oxygen, caustic 
potash being produced in solution. 

2KI + 03 +H 20 - 2 K 0 n + l2 + 02. 

(c) On passing dry chloride over heated tin, stannic chloride 
is formed which escapes as fumes and can be collected as a 
colourless fuming liquid in a receiver. 

Sn + 2 Cl 2 =SnCU. 

{<£) By passing hydrogen chloride over heated aluminium, 
aluminium chloride is formed and sublimes off along with 
hydrogen. The sublimate of anhydrous aluminium chloride can 
bo collected in a suitable receiver. 

2A1 + 6HC1 = 2 AICI 3 + 3H 2 . 

(e) On adding zinc dust to a solution of copper sulphate, 
metallic copper is deposited and zinc passes into solution as zinc 
sulphate. 

CUSO 4 + Zn - ZnSOi + Cu. 

Q. 4. You are siippUed with a solid sample tvhich contains 
calcium sulphate, potassium nitrate and iodine. How loill you 
separate the ingredients and get them in pure condition ! 

Write short notes on the methods involved in the principle of 
separation, 

. How will you show that ealenm sulphate contains both 
calcium and suli)hur and potassium nitrate contains nitrogen and 
oxygen ? 

Ans. The principle and process of separation of the ingredients 
of the mixture : 
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Of the three constituents of the mixture, iodine can be 
•converted into vapour by gentle heating, and the vapour is 
capable of being 'Condensed into solid crystals of iodine by 
cooling. The process is called sublimation. 

The mixture is taken in a porcelain basin and it is covered 
by another basin kept cool on its outer surface by a moistened 
^Iter paper. The basin is gently heated by being placed on a 
-wire gauze over a tripod stand, iodine is vaporised and the 
•vapour of iodine condenses as crystals inside the cooled covered 
basin in pure state. The heating is continued till all the iodine 
is removed in this fashion. In order to see whether all the 
iodine is removed or not, a little quantity of the solid is taker? 
in a test tube, KI solution is added to it and then a little starch 
solution. If there be any blue coloration, the heating is to be 
continued till the residue is free from iodine. 

The residue in the lower basin contains two substances : 
calcium sulphate and potassium nitrate. Of these two substan¬ 
ces, KNO 3 is very soluble in water, whereas CaSOt is sparingly 
soluble. 

So the residue, after cooling, is taken in a beaker, boiled with 
water and filtered. The residue is repeatedly washed -with hot 
water, until the residue is completely free from KNO 3 , as tested 
by the rimi lest for nitrate. The filter paper with the residue is 
then dried in an air oven to get pure calcium suli)hate. 

The filtrate contains potassium nitrate with a little CaS 04 
dissolved in it. From this mixture pure KNO 3 can be obtained 
by repeated fractional crystallisation, tho first crop of crystals 
being discarded in each such process. * 

So sublimation separates iodine and filtration mechanically 
separates CaSO^ as a residue, provided the pores of the filter 
paper be fine enough to retain the particles of CaSOi* 

Calcium sulphate ,—The i)resenco of calcium in calcium 
sulphate can be detected by flame test. A little of the salt is 
taken on the tip of a Pt-wire rinsed thoroughly with cone. HCl 
and after moistening it with cone. HCl it is held in a non- 
luminous Bunsen flame. A transient brick-red coloration is 
imparted to the flame, proving thereby that calcium is present in 
the salt. 
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To show that caloinm sulphate contains sulphur, a little of 
it is mixed with charcoal powder and heated on charcoal in the 
reducing blow-pipe flame. The residue left is taken in a test 
tube and dilute HOl is added to it* Odour of H 2 S is perceived 
and the gas evolved is found to turn lead acetate paper black. 
When the gas is burnt at the mouth of the test tube, a deposit 
of S is obtained. This sulphur must have come from calcium 
sulphate» since none of the reagents used contains sulphur. 

Potassium nitrate .—On heating a little potassium nitrate 
in a bard glass test tube provided with a delivery tube, the gas 
evolved can be collected by displacement of water. The gas 
rekindles a glowing chip of wood, produces brown fumes with 
nitric oxide and is completely absorbed by alkaline pyrogallate. 
This proves that potassium nitrate contains oxygen. 

A little of potassium nitrate is taken in a hard glass test 
tube provided with a cork through which passes a delivery tube. 
Potassium nitrate is fused by heating (m. p. 336®C.) and then a 
bit of sulphur is dropi)ed on it, the cork being immediately 
replaced and the gas evolved being collected by displacement of 
water. That the gas collected is nitrogen can proved by the 
facts that it extinguishes a lighted taper, does not turn lime 
water milky and is absorbed by heated magnesium. This shows 
that potassium nitrate contains nitrogen. SOa is also evolved 
in this case but it dissolves in water over which the gas is 
coUected. 


2 KNO 3 + 2S = K 2 SO 4 + SO 2 + No. 


Q. 5. Tloio is acetylene prepared in the laboratory ? Give a 
Tieat sketch of the apparatus you will use. Mention how the by¬ 
product of ike preparation can he utilised. 

What changes will occur xvhen acetylene is {a) lead info ajar of 
chlorhie, (b) passed hiio axi arnmoniacal solution of copper sulphate 
and (c) passed into a dihhte solution of sulphuric acid containing 
merexme oxide in suspexision at an elevated temperature ? 

Ans. Small lumps of calcium carbide are taken in a drj' 
Erlenmeyer flask fitted with a dropping funnel and a delivery 
tube. Water is gradually dropped upon the lumps of calcium 
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carbide from the dropping funnel, when acetylene gas is evolved. 
The gas can be collected by displacement of water. 

OaOa + 2H20 = CaH 2 +0a(0H)2. 

The by-product of the preparation is slaked 
lime, Ga(OH) 2 . It can be best utilised as a 
manure, 

(a) When acetylene is led into a jar of 
chlorine, it at once bursts into flame giving 
HGl and carbon separates out. 

G2Ho+Gl2=2C + 2HGl. 

But when chlorine is dissolved in S 2 GI 2 and 
acetylene led into that solution, additive com¬ 
pound, acetylene tetrachloride, is formed. 

G2H2+2CU=G2H2CU. 

(h) When acetylene is passed into an 
ammonical solution of copper sulphate, a red 
precipitate of copper acetylide (Gu 2 G 2 » H 2 O) is formed. 

(c) When acetylene is passed into a dilute solution of 
sulphuric acid containing mercuric oxide in suspension at an 
elevated temperature, acetaldehyde, GHaCHO, is produced. 

CaHs+HaO-CHaOHO. 

• « 

Q. 6, TIow in camNc ^oda manufactured from sodium 
chloride ? Men (ion the uses this is put to. 

Discuss the action of carbon monoxide, carbon dioxid& and 
iodine on this compound indicating the conditions^ Bepreseni the 
reactions by adequate equations, 

Ans. Caustic soda is now-a-days manufactured by Gastner- 
Kcllner’s modified process with the use of a diaphragm coll .for 
separating caustic soda produced from evolved chlorine. 

The apparatus consists of a rectangular vessel divided into 
two compartments (marked I and II in the adjoining figure) 
by a wooden partition which dips into a stream of Mercury 
running along the floor of the vessel from a resorvoir R erected at 



Fig. 26 



136 


C. U. QUESTIONS WITH ANSWERS ON 


[1944 


a higher level, td the reservoir 8* (See Fig. 26), Brine is placed 
in compartment marked I and a carbon rod is fitted therein to 



Fig. 26 

serve as anode. Water, containing a little caustic soda for 
making it conducting, is placed in compartment marked II, 
called the decomposer. A bunch of iron rods are placed in the 
decomposer to serve as cathode* The layer of mercury at the 
bottom of the vessel is electrically connected to the iron cathode. 
On passing electric current, Na is liberated in compartment I on 
the mercury functioning as cathode and forms sodium-amalgam. 
This sodium-amalgam is moved into the compartment IT, the 
decomposer, by the running Mercury. There a portion of sodium- 
amalgam reacts with the water yielding NaOH, but major 
portion of sodium-amalgam reacts with the H-ions and OH-ions 
derived from the electrolysis of water, also yielding NaOH 
and liberating Ha ns gas. rSodium-amalgam does not react 
with water in com])artraent I, because hydrogen cannot be 
liberated on mercury surface]. Nearly pure Mercury then runs 
down to reservoir S and is pumped back once more to H. 
Chlorine evolved at the anode escapes by the outlet shown in 
compartment I and Hydrogen liberated on the iron cathode in 
compartment IE escai)cs by the outlet therein. Tho concentration 
of NaOH in compartment II is not allowed to rise above 20%. 
It is taken out from time to time, being replaced by water. 
NaOH solution is then evaporated till, on cooling, the whole 
mass solidifies. Thus solid caustic soda is produced. It 's 
further melted down and then cast into sticks, pellets or balls. 

2 NaHg + 2H*0 = 2NaOH + Hs + 2Hg 
2 Na + 2H+ + 2(OH)-« 2Na+ + 2(OH)- + 2H. 
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Two atoms of hydrogen liberated combine to form H 3 
molecule -and then gaseous hydrogen escapes from cathode 
compartment. 

Uses of caustic soda, —Caustic soda is employed : ( 1 ) in the 

:manufacture of soap, metallic sodium and many chemicals i 
( 2 ) in refining of petroleum ; (3) in making artificial silk ; 
(4) in the textile, and pulp, and paper industries ; (5) in 
reclaiming rubber, and ( 6 ) as a reagent in the laboratory. 

When carbon monoxide ia passed over heated caustic soda, 
or when carbon monoxide at 160®C. and under pressure is passed 
into NaOH solution, sodium formate, HCOONa, is formed. 

NaOH + CO = HCOONa. 

When carbon dioxide is passed into caustic soda solution,* at 
first sodium carbonate is formed, but by passing carbon dioxide 
in excess, sodium bicarbonate separates out in the solid state. 

2NaOn + COo -NagCOs + HnO 
Na„CO:, + H 2 O + CO 2 =• 2 NaHC 03 . 

With cold and dilute NaOH solution, iodine produces sodium 
iodide and sodium hypoiodite, but sodium hypoiodite readily 
hydrolyses to hypoiodous acid. 

2NaOH +12 = Nal + NaOI + H.O 
NaOI + H n 0 = HOI + NaOH. 

With hot and strong NaOH solution, iodine gives rise to 
sodium iodate arid sodium iodide. 

GNaOH + 812= NalO:, + 6 NaI + 3H 

Q. 7. Hotv are the foUotuinn irrepaved 

(a) Stannous chloride from tin, 

(b) Blue vitriol from copper turnings, 

(c) Corrosive sublwiate from mercuric sulphate. 

(d) Sodium hypophosphite from %ihGsphorus ? 

Mention the names of the byproducts^ if any. Indicate the 
reactions by equation. * 

Ans. (a) Anhydrous stannous chloride can be obtained 
from tin by heating it in dry HCl gas. The hydrated stannous 
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chloride SnOls, 2 H 2 O, can be prepared from tin by dissolving it 
in hot cone, hydrochloric acid. 

Sn + 2HCl“SnCl8+H2. 

The solution, on evaporation, deposits crystals of SnCL, 
2 H 2 O on cooling, 

The by-product in this case is hydrogen. 

( 6 ) From copper turnings blue vitriol CuSO*, 6 H 2 O, can be 
prepared by heating the copper turnings with cone. H 2 SO 4 till 
the evolution of sulphur dioxide ceases, cooling the solution so 
obtained, diluting with water and filtering, and then evaporating 
the filtrate to -crystallisation. On cooling, crystals of blue 
vitriol are deposited. 

Cu + 2H 2 SO 4 = OUSO 4 + SO 3 + 2 H 2 0. 

Here the by-product is sulphur dioxide, 

(c) Merewie chloride {Corrosive Sublimate), HgClg, is 
prepared on, a manufacturing scale by heating a mixture of 
mercuric sulphate and common salt in long-necked flat-bottomed 
flasks on a sand-bath. 

HgS 04 + 2NaCl == HgCl^ + Na 3 S 04 . 

A little MnOa is added to prevent reduction of HgOU formed 
to calomel by organic matter. After the reaction is over, the 
flasks are cooled and these flasks are then broken and the cake 
of mercuric chloride is removed. It is then dissolved in water 
by heating and i)urified by recrystallisation from water solution. 

Here the by-product is sodium sulphate. 

(d) Sodium hypophosphite can be obtained in solution by 
heating white phosphorus with 30% caustic soda solution when 
phosphine is evolved as a gas. Before heating, the air from the 
vessel in which the heating is carried out, is to be displaced by 
coal-gas, since phosphine evolved in this case is spontaneously 
inflammable in air. 

4P + 3NaOPI + 3 H 2 O = 3NaHaP02 + PHs* 

Here phosphine is obtained as the by-product. 
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Q. 3. How is borax obtained on a large scale ? What 
changes take place when borax is heated alone ? Write what you 
know about its use hi qualitative chemical analysis, 

Starting with borax how can you iwepare crystalline boric acid 
and boron ? 

Mention the uses of borax and boric acid, 

Ans. Borax is now-a-days exclusively prepared from 
naturally-occurring calcium borates. Powdered colemahite, 
CasBeOii* is boiled with NagCOa solution when insoluble 
CaCOa precipitates out. It is filtered and the filtrate evaporated 
to crystallisation and crystals separated by filtration. 

r 

CaoBoOii + 2 Na 2 C 03 *2CaCOa +Na 2 B 40 T + 2NaBOo. 

The mother liquor is afterwards treated with OOg whereby 
further quantity of borax can be obtained from it by concentra¬ 
tion and crystallisation. 

4NaB02 +002 =Na2B407 +Na2C03« 

When heated alone, borax, Na 2 B 407 , lOHaO, loses water 
and swells into a voluminous spongy mass. On stronger heating 
it melts to a clear liquid consisting of the anhydrous salt, 
Na 2 B 407 . On cooling in the absence of moisture this sets to a 
transparent glass. During solidification the anhydrous pyro- 
borate decomposes into sodium metaborate and boron 
trioxide. 


NaaBiOr =2NaB0a +B 2 O 3 


In qualitative chemical analysis, a Pt-wire, fused into a 
glass tube, is taken. A loop is made at the end of this Pt-wire. 
The loop is heated and dipped into a little powdered borax when 
a little quantity of borax adheres to the loop. The loop is again 
heated when borax first swells up and then melts into a colour¬ 
less glass-like bead on the loop. A very small quantity of the 
salt to be tested is taken on the bead and the bead heated again 
first in the oxidising fiame and then in the reducing fiame of the 
Bunsen burner. The colour of the bead is then noted. The 
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following colours of tbe bead are obtained with the salts of 
metals mentioned :— 


Salt Colour of the horaxrhead 


Copper salts I 

i 

Iron salts i 

I 

I 

Manganese : 

I 

salts 


Oxidising flame 
Blue 

Yellow 

Amethyst 


Reducing flame 
Red (opaque) 


Bottle green 


Colourless 


The reaction that takes place can be explained by taking the 
case of copper salt. At the temperature of the flame the copper 
salt decomposes into cupric oxide and this cupric oxide forms 
cupric borates with sodium metaborate and boron trioxide. 
These cupric borates are coloured blue. Hence the bead 
becomes blue in the oxidising flame with a copper salt. In the 
reducing flame, metallic copper is produced and so the bead 
becomes red and opaque. This red and opaque bead with 
copper salt in. the reducing flame is best obtained, if the bead be 
moistened with a tin compound. 

NaBO* + CuO - CuNaBOa 
GuO + BaOs-C u(B02)3. 

Crystalline boric acid from borax : 

* 

Strong hydrochloric acid is added in excess to a hot 
saturated solution of borax. Boric acid crystallises out on 
cooling the liquid. 

NaaBiO^ + 2HC1 + SH^O = 2NaCl + 4 H 3 BO 3 . 

Boron from borax : 

Boric acid is first of all prepared from borax by the method 
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described above. This boric acid, on strong beating, is conver* 
ted into boron trioxide, B 2 O 3 . 

4HsBO« = 2 B 2 O 3 + 6 H 2 O. 

The residue is then mixed with aluminium powder in a 
graphite crucible and heated to white heat. The molten mass 
is then allowed to cool when crystals of boron separate out. 
The regulus obtained is freed from excess of aluminium by 
prolonged treatment with hydrochloric acid. 

Bo03+2Al = Al 203 + 2 B. 

Uses of horax : 

Borax is used (i) in the manufacture of glass, enamels, 
glazes, soaps, etc., (ii) in medicine, (ni) in laundry, (iv) as a 
flux and iv) in soldering. 

Uses of boric acid : 

Boric acid is used in medicine, as a preservative for milk 
and in manufacture of glass. 

Q. 9. Briefly discuss Mendeleefs Periodic Classification of 
elements. How has it systematised the study of Tnorgamc 
Chemistry ? 

What are your ideas about valency ? 

Ans. In 1869 the Russian chemist Mendoleef discovered that 
when the elements are arranged in the order of their increasing 
Atomic weights, their properties vary from member to member 
in a definite way, but return more or less to the same value at 
fixed points in the series. He stated it as a law which is 
referred to as the Periodic Law, which runs thus ‘— 

The physical and chemical properties of the elements and their 
compounds are periodic functions of their Atomic iveights, 

Mendeleef arranged the elements in a table in the order of 
their increasing atomic weights. This table is known as the 
Periodic Table or the Periodic system. In the table the elements' 
are found to be arranged in horizontal series in such a fashion 
that when elements with similar chemical properties are 
reached, they are arranged in the same vertical column. The. 
horizontal series were called p&riods and the vertical columns 
were called groups. The original periodic table, of Mendeleef 
has, however, undergone many modifications due to new disco* 
veries. The present-day modified table in one form is repro¬ 
duced below. 
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The periods are divided into short and long^ according to 
the number of elements present in them. It is found 
from the table appended that the 1st period consists of 
only two elements, Hydrogen and Helium. The 2nd period con¬ 
tains 8 elements from Lithium to Neon and the 3rd period 
also consists of 8 elements from Sodium to Argon. The 2nd 
and 3rd periods are called short periods. Then comes the 4th 
period with 18 elements starting from Potassium to Krypton 
and similarly the 5th period consists of 18 elements starting 
from Kubidium and ending in Xenon. These 4th and 6th 
periods are known as long periods. The 6th period contains 32 
elements, starting from Caesium and ending in Radon and 
comprising in itself all the fifteen rare-earth elements. This 6th 
period is called a very long period or a monster period. The 7th 
period is fragmentary and it consists of only six rctdio-active 
elements, of which the first one is an analogue of the alkali 
metals. The vertical groups now are nine in number, marked 
0 (zero) to VIII. The group 0 includes the inert gases like 
Helium, Neon, Argon, etc., discovered long after the construction 
of the Periodic Table by Mendeleef in atmospheric air. These 
gases show no combining capacity and so their valency is zero. 
The group-number is found to correspond to the highest valency 
of the elements in the group with regard to oxygen. 

By arranging the elements in the above fashion periodicity 
in both physical and chemical properties is at once apparent. 
Such physical properties as atomic volume (atomic weight-i- 
specific gravity), melting-point, boiling-point, electrical conduc¬ 
tivity, etc. when plotted against the atomic weight in a graph, 
perfectly periodic curves, showing waxing and waning, are 
obtained. In those graphs similar elements are found to occupy 
similar positions. 

Similarly such typical chemical properties as valency and 
electro-chemical character of elements are found also to be 
periodic in nature. 

Thus, the periodic arrangement has systematised the study of 
Inorganic chemisty by reducing the study of ninety-two different 
elements practically to that of nine Groups.* Thus, we can 
form an idea of the properties of an element and its compounds 
by knowing the group it belongs to. Also a comparative study 
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of the properties of different elements and their compounds, 
belonging to different groups, helps in understanding and remem¬ 
bering facts without encumbering the memory. 

Valency of an element is defined as its combining-capacity 
with other elements and is expressed as a number which indi¬ 
cates the number of hydrogen atoms or chlorine atoms with 
which one atom of the said element can combine. 

Thus, considering such compounds as HOl, H2O, NHs, 
CH4, we find that in hydrochloric acid, one atom of chlorine 
has combined with one atom of hydrogen ; in water, one 
atom of oxygen has combined with two atoms of hydrogen ; 
in ammonira, one atom of nitrogen has combined with three 
atoms of hydrogen, and in methane, one atom of carbon has 
combined with four atoms of hydrogen. Thus, the valency of 
chlorine is stated to be one, that of oxygen two, of nitrogen 
-three, and of carbon four. 

■ According to the prosent-da^^ electronic theory of valency, 
developed as a necessary corollary of the electronic concejit of 
matter, valency is considered as the tendency* of the atom of 
an element either to lose or gain electrons from the outermost 
shell in the atomic core, so that the atom strives to attain a 
stable octet (a shell of eight electrons) in the outermost shell. 
Thus in the formation of sodium chloride, sodium atom loses one 
electron from the outermost shell (valency shell as it is called) 
and thus exposes the 8-electron penultimate shell, giving rise 
to'sodium ion and chlorine atom gains that one .electron, thus 
completing the S-eloctron sheath, in the outermost shell :— 

XX •• XX 

: Na: + X Cl J = : Na : . CK 

•• XX • * XX 

(2, 8. 1) (2, S. 7) 

Only the penultimate and outermost shells of electrons of 
sodium atom (represented by dots) and chlorine atom (represented 
by X ) are shown in the above. 

Hence the valency of sodium is one and of chlorine is also' 
one, only one electron being transferred from sodium atom and 
only one electron being accepted by chlorine atom. 

Valency at present is therefore regarded to be of electrical 
origin and the electrostatic force comes into operation in the 
exhibition of valency by atoms of elements. 
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Q. 1. State Faraday s laws of electrolysis, 

A current of electricity is passed simultaneously through (a) 
stiver nitrate solution^ (h) copper sulvhate solution and (c) water 
acidified with sulphuric acid. Calculate the amount of silver 
and copper that loould he deposited by the time 124^'7 c.c. of 
hydrogen at 27°C.y and 760 mm, pressure are collected from the 
acidulated water. 

[Ag^^lOS ; Cu==64,’] ‘ • 

Ans. Faraday’s laws of electrolysis are two in number. 

Laiv I. The mass of an ion liberated during electrolysis is 
directly proportional to the strength of the current and to the 
time during which the current Hows, i.e., to the quantity of 
electricity flowing through the circuit. 

Thus, if W be the mass in grams of an ion liberated, C the 
strength of the current in ampere and t the time in seconds 
during which the current flows, then W « Ct, or W—ZOt, where 
if is a constant. Now when C' = l amp. and ^ —1 sec., then 
TT—iT —massof ion liberated by unit quantity of electricity. 
This quantity Z is called the electrO’Chemical equivalent of the 
substance. 

La%o II .—When the same quantity of electricity is passed 
through different electrolytes, the relative masses of different 
ions liberated are proportional to their chemical equivalents. 

According to Faraday's second law of electrolysis, the masses 
of ions liberated at different electrodes by the same quantity of 
electricity are proportional to their chemical equivalents. So 
the amount of silver and copper that will be deposited by the 
same current flowing for the time in which the given amount of 
hydrogen is liberated will be obtained by multiplying the weight 
of hydrogen liberated by the equivalent weight of silver and 
copper respectively. 

Now the equivalent wt. of silver = 108, since it is monova¬ 
lent and its at. wt. is given to be 108. 

10 
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Also the equivalent wt. of copper in copper sulphate is 

=32, since copper is bivalent in copper sulphate. 

Now, we know that the weight of 1 c.c. of hydrogen at 
N.T.P, = O'00009 gram. 

Lot the volume of hydrogen liberated at N.T.P, be V c.c. 

Then by Boyle’s and Charles’ laws, we have 
. 1247 X 750 760 

”273 + 27 - " 273” ’ 

1247 X 750 X 273 
whence V ■300x760 

= 112 c.c. 

The weight of hydrogen liberated, therefore, is equal to 

112 X 0*00009 gram. 

. =0*01008 gram. 

. Therefore, the weight of silver liberated 
= 0*01008 X 108 grams 
= 1*08664 grams. 

And the weight of copper deposited 
= 0*01008 X 32 gram 

= 0 32266 gram. 


Q. 2. Explain the meaning of the term 'equivalent iceight', 
illustrating your ansiuer by reference to the equivalent weight of 
{af zinc, (b) iron, (c) sodium carbonate. 

Oh heating in contact with tin, hydrogen stilphide (relative 
density 17) is converted into hydrogen without change of volume. 
Calculate the equivalent weight of sulphur from this, 

Ans. The equivalent weight of an element is that weight of 
the element which combines with or displaces one part by weight 
of hydrogen or its equivalent (/. e., 8 parts by weight of oxygen 
or 36*6 parts by weight of chlorine, etc.). It is also a mere 

• number since it is a ratio expressed by the relation 

* 

_ _ _ we ight of a n element __ _ 

weight of hydrogen displaced by it or combining with it 
It is known that 8 parts by weight of oxygen combine with 1 
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part by weight of hydrogen. Therefore 8 is the equivalent 
weight of oxygen. 

(a) From actual experiment it is known that 82‘65 parts 
•by weight of zinc can liberate 1 part by wt. of hydrogen from 
sulphuric or hydrochloric acid. 

Hence, from definition, 32*65 is the equivalent weight of 
zinc. 

Also the valency of zinc is two and its atomic weight 
is 65*3. 


Therefore, equivalent wt., being equal 


to 


atomic wt. 
valency 


in case 


of zmc, IS = 32*66. 

(b) In case of iron, it is known that 28 parts by weight of. 
iron can displace 1 part by weight of hydrogen from hydro- 
ehloric or sulphuric acid, giving rise to ferrous salts in which 
the valency of iron is two. 


Hence, from definition, 28 is the equivalent weight of 
iron in the ferrous state. 


This also follows from the atomic weight of iron which is 
56 and valency being two in the ferrous state, 

56 

Equivalent wt. of iron in ferrous state ^ — 28, 


But it is also known from experiment that 18*66 pa^ts by 
weight of iron combines with 35*5 parts by weight of chlorine 
to produce ferric chloride, where the valency of iron is' three. 
Here, by definition, the equivalent weight of iron is 18*66. 
And this tallies with the result arrived at from the atomic 
weight of Iron (56) and its valency being three in this case, the 

56 

equivalent wt. = x —18*66. 


Thus, iron is found to possess two values fon its equivalent 
weight depending upon its two valency states. This shows that 
equivalent weight of an element is not a constant quantity. 
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(c) In the case of a compound, the equivalent weight is that, 
weight of it, which contains hydrogen-equivalent of the active 
element present it it. In the case of sodium carbonate, Na 2 C 03 
(anhydrous) or NagOOs, lOHsO (crystalline form) or NagCOs, 
HaO (the form obtained after keeping the crystals for some time 
exposed to air), the equivalent weight will be that weight which 
contains one equivalent of sodium, the active element present in 
it. The equivalent weight of sodium is 23. So, since NagCOa, 
contains 46 parts by weight of sodium in 106 parts by weight of 
NaaCOa, therefore 63 will be its equivalent weight, since that 
amount will contain 23 parts by weight of sodium. Similarly 
for the form NaaCOa, lOHaO, the equivalent weight will bo 143 
whereas for the form NiiaCOs, HaO the equivalent weight will 
be 62. 

From the result given, it is inferred that hydrogen sulphide 
contains its own volume of hydrogen. Let n be the number of 
molecules present in 1 vol. of hydrogen sulphide. 

Then, since 1 vol. of hydrogen sulphide contains 1 vol. of 
hydrogen, therefore n molecules of hydrogen sulphide contain n 
molecules of hydrogen (Avogadro’s hypothesis). Hence, 1 
molecule of hydrogen sulphide contains 1 molecule, or 2 atoms 
of hydrogen, since hydrogen molecule is diatomic (deduction 
from Avogadro’s hypothesis). Thus, the formula for hydrogen 
sulphide is HaSoj, where x is an integer. Now, since the density 
of hydrogen sulphide is given to be 17, its molecular weight is- 
2 X 17 = 34 (deduction from Avogadro’s hypothesis). 

Therefore 2xl + 32><iC“34 

or . 32 a? = 32 

1 . 

Thus, the formula for hydrogen sulphide is HaS. From this- 
formula we know that 2 parts by weight of hydrogen has gone 
to combine with 32 parts by weight of sulphur to give hydrogen 
sulphide. 

Hence, by definition, the equivalent weight of sulphur 



Q. 3. How is white phosphorus prepared ? State the propei'^ 
ties of allotropic forms of phosphorus. Describe, giving equations. 
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the. action of cau&tic soda solution on tohite phosphorus and of 
nitric acid on red phosphorus. 

^ Ans. Naturally occurring calcium phosphate is nowa-days 
utilised for getting white phosphorus. A mixture of calcium 
phosphate, sand and coke is fed through a feed-hopper into 
a closed electric furnace made of brick-work, provided with an 
outlet above for the gases and phosphorus vapour, a slag hole 
at the bottom and carbon electrodes a little above the bottom of 
the furnace between which an electric arc is struck, producing a 
very high temperature. 

The silica of the sand reacts at the high temperature of the 
furnace with calcium phosphate producing calcium silicate and 
phosphorus pentoxide. P 2 O 5 . 

Gaa(P04)2 + 3S:03 = 3CaSiOa +P 2 O 5 . 

The vapour of P 2 OK is then reduced by carbon and carbon 
monoxide is formed and phosphorus is set free. ' 

PaOs+SC^QP + SCO. 

Calcium silicate melts and sinks to the bottom from where it 
is run off as a slag through the slag hole. Phosphorus vapour 
and carbon monoxide escape through the outlet near the top and 



Fig. 27 

are passed into water where vapour of phosphprus condenses. 
Fresh mixture is introduced through the feed-hopper and the 
process is continuous. 
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The most important allotropio modifications of phosphonis« 
are (a) White phosphorus and (b) Ked phosphorus. 

Froperiies of White Phosphorus :— 

Physical—White phosphorus is almost colourless or slightly 
yellow, translucent, waxlike solid. It is soft enough to be cut 
with a knife. Its sp. gr. is 1'82. It melts at 44°0. It is very 
sparingly soluble in water, but dissolves readily in carbon 
disulphide. Phosphorus is very poisonous. 

Chemical—When left exposed to moist air, white phosphorus* 
undergoes spontaneous oxidation with the production of white 
fumes and phosplioroscence which is visible in the dark. Tt 
takes fire in air at about SO^O. iSo it is always kept and cut, 
when to be used, under water. White phosphorus is very active 
chemically. It readily combines with the halogens at the 
ordinary temperature. When burnt in air, the main product is 
PaOfl. Tt reduces HoSO^, IINO3, CUSO 4 , etc. It reacts when 
heated with NaOH or KOH sols, evolving PH 3 . 

4P + 3NaOH f 3H 2 O = 3NaHijPO« + PH:,. 

Properties of Bed Phosphorus :■— 

Red phosphorus is chocolate-red in colour. Its specific gravity 
is 2’2. Tt neither glows in the dark nor has any smell or 
taste. The melting ])oint is 600® “• 600'*C. when heated under 
pressure. It does not dissolve in CSg nor in water. It is 
chemically less active than white phosphorus and is non- 
poisonous. Its ignition temperature in air is 240^0. It burns 
in chlorine gas when heated. It is not acted upon by NaOH 
solution. On strong heating red phosphorus can be vaporised 
and the vapour, on cooling, condenses into the white variety. 

When white phosphorus is boiled with caustic soda solution 
in concentrated form, phosphine, PH3, is evolved as gas and' 
sodium hypophosphite is formed in solution. 

4P + 3NaOH + SHgO = SNaHaPO^ + PPI. 3 . 

• When red phosphorus is boiled with concentrated nitric acid,, 
orthophosphoric acid is formed in solution and oxides of nitrogen 
are evolved as brown fumes. 

4P + IOHNO 3 + H 2 O -4n:,P04 + 5NO + 6 NO 2 . 
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Q. 4. Describe how oxygen can he ozonised and illustrate 
with reference to three exam'ples how ozonised oxygen differs from 
ordinary oxygen. How has the molecidar fannul a of ozone been 
established ? 

Ans. Oxygen can be ozonised by subjecting it in^ dry state 
to the action of silent electric discharge in Siemen s ozoniser. 
This ozoniser consists of two concentric glass tubes, joined 
hermetically, without rubber or cork connections, the outer 
tube being coated on the outside and the inner tube on the 
inside with tin-foils. These tin-foils are connected with the two 
binding screws at the two ends, which in their turn are in 
connection with a Eubmkorff’s coil. Dr>^ oxygen is passed 
through the annular space in slow steam and a series of silent 
electric discharge is passed. The gas coming out at' the exit 
consists of a mixture of oxygon and ozone. SOg = 203 * 



•Siemens* ozoniser. 


Fig. 28 


(1) The gases are smelt. The ono with fishy odour is 
ozonised oxygen, and the odourless one is simple oxygen. ♦ 

(2) The gases are bubbled through acidified potassium 
iodide solution. The one which liberates iodine copiously an^ 
readily is ozonised oxygen, the other incapable of liberating 
iodine in that fashion is oxygen. The iodine liberated in the 
first case turns starch solution blue- 

(3) Moist load sulphide is taken on a filter paper and ex¬ 
posed to the gases. The one which turns black lead sulphide 
into white lead sulphate is ozonised oxygen, the other incapable 
of changing the colour of lead sulphide is oxygen. 






152 


C. IT* QUESTIONS WITH ANSWERS ON 


[1946 


Composition of Ozone and its Chemical fomula ;— 

This may be proved experimentally in the following manner : 

The contraction in volume on ozonising a known volume of 
oxygen is measured. The ozone is then absorbed by turpentine, 
and the further diminution in volume is noted. From these two 
data the composition of Ozone can be deduced and hence its 
molecular formula. 

The apparatus for studying these volume changes is shown 
in the adjoining figure. It is devised by Newth. 

Jt consists of two concentric glass tubes, the inner tube 
fitted into the outer tube by a ground glass joint. The inner 
tube which is nothing but an elongated hollow stopper contains 
dilute H 2 SO 4 and the apparatus, previously filled with dry 
oxygen, is placed in a jar of water and crushed ice. Two 
platinum wires are dipped into the two liquids, one in dilute 



Fig. 29 

H 2 SO 4 in the hollow stopper, and the other in the jar contain¬ 
ing ice water and are connected with the terminals of an induc¬ 
tion coil. The turpentine is contained in. a little sealed thin 
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glass tube, almost capillary in bore, which is held in position 
between four little projecting glass points upon the hollow 
stopper and the outer tube, A manometer, containing concen¬ 
trated sulphuric acid coloured with indigo, is in communication 
with the apparatus. The levels are adjusted, and the oxygen is 
ozonized by passing the electric discharge. A contraction in 
the volume results. When suflBcient contraction has taken 
place, the discharge is interrupted, the apparatus is allowed to 
eool and the contraction is read off on the manometer gauge. 
The hollow stopper is then twisted, so as to break the tube of 
turpentine, and after absorption of Ozone is complete, the further 
contraction is read off 

Experimental Besults : 

1st contraction on ozonisation = « c.c, 

3nd contraction on absorption of 
Ozone by turpentine = Hx c.c. 
total diminution in volume of 
Oxygen at the end of the expt. = 3aj c.c. 

And the volume of Ozone formed = 2x c.c. 

Hence we conclude that 3 vols. of oxygen condense to give 
2 volumes of Ozone. 

Deduction of formula :—Let » be the number of molecules 
present in one volume of ozone. Then, by Avogadro’s hypothesis, 
we get 3 » molecules of oxygen condense into 2 » molecules of 
Ozone. 

Or, 3 molecules of oxygen condense into 2 molecules of 
Ozone. But 3 molecules of oxygen contain 6 atoms of oxygen 
(for oxygen molecule is diatomic). Thus 2 molecules of Ozone 
contain 6 atoms of oxygen. Hence its formula is O 3 , 

The molecular formula for Ozone has been confirmed by the 
determination of density of pure Ozone by Hiesenfeld. It has 
a density of 24 and so the molecular wt. is 48, thus tallying with 
the molecular formula O3. 

Q. 5. How is hydriodic acid prepared in tlie laboratory ? 
Oive a neat sketch of the apparatus used. Compare its properties 
with those of hydrochloric acid. 



164 C. U. QUESTIONS WITH ANSWBES ON tl945' 

Describe the changes that occur when {a) gaseous h-jfdriodic add-. 
is heated, (6) tohen its aqueous solution is treated successively 
with silvfrr nitrate and ammonia, (o*) when chlorine is passed into 
its solution followed by hydrogen sulphide. Give equations^ 
whenever possible. 

Ana. In the laboratory hydriodic acid is prepared by 
dropping water from a dropping funnel, fitted to a flask 



Fig. 30 

containing a mixture of red phosphorus and iodine. The flask 
is also provided with a delivery tube and the delivery tube is 
connected to a U“tube containing glass beads and moist red 
phosphorus. The flask is cooled by dipping it in water, 
Hydriodic acid gas mixed with iodine vapour is evolved in the 
flask and in passing through the U-tube containing moist red 
phosphorus iodine vapour is absorbed. The HI gas is then 
collected by upward displacement of air. 

At first phosphorus tri-iodide is formed, which is then 
decomposed by water forming phosphorous acid and hydriodic 
acid. 

P -t- 31 = PI:,. Pla -f- 3H 2 O = HaPOg + SHI. 

\Vhen an aqueous solution of the acid is required, the deli¬ 
very tube from the U-tube is connected to an inverted funnel, 
which in its turn is dipped into water contained in a beaker. 
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This arrangement is employed (or preventing back suction due* 
to extreme solubility of gas in water. 

Comparison of the properties of HI with those of HCl. 

Both HI and HCl are gaseous in character and both of 
them are soluble in water, giving strongly acid solutions. When 
exposed in water solution to air, HI turns brown due to libera¬ 
tion of iodine, but HCl solution fumes in air when concentrated 
but remains colourless. Boiled with cone. H 2 SO 4 , a concen¬ 
trated solution of HI gives rise to violet vapours of I 2 , whereas- 
the concentrated solution of HCl gives rise to white fumes of 
hydrogen chloride. If silver nitrate solution bo added to HI 
solution, a yellow ppt. of Agli insoluble in HNO 3 as also in 
NH 4 OH is obtained, whereas on adding AgNOs solution to 
HCl solution, a curdy white ppt. of AgCl, insoluble in HNO.-j 
but soluble in dil. NH+OII is obtained. Chlorine water, when 
added to HI solution, liberates iodine which can be extracted 
with CS 2 giving a violet solution, but chlorine water has no 
action on HCl solution. HI solution behaves as a reducing agent 
on account of its easy oxidisnbility, whereas HCl has no such 
behaviour. 

[а) When gaseous hydriodic acid is heated, it decomposes 
into its elements. N. B. In the presence of a catalyst like plati¬ 
num, the decomposition and recombination of H 2 and Tg takes- 
place simultaneously, so that HI is stated to undergo 
dissociation. 

2HI--=n2 + l2. 

( б ) When the aqueous solution of hydriodic acid is treated 
with silver nitrate, a yellow precipitate of silver iodide is formed. ' 

HI + AgNOa - Agl + HNO 3 . 

On subsequent addition of ammonia to the mixture, thb 
yellow ppt. of Agl, being insoluble in NH^OII, remains as such. 
The nitric acid liberated during the reaction is neutralised by 
NH4OH. HNOrt 4-NH4OII ^NH^NOa +H2O. 

(c) When chlorine is passed into hydriodic acid solutione, 
iodine is liberated. 


2HI + Cl2 = 2HCl + l2. 
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On subsequent passage of hydrogen sulphide through the 
mixture, sulphur is precipitated and hydriodic acid is formed in 
solution. 

H2S + I2-2HI + S. 

If chlorine be passed in excess, the iodine liberated will be 
oxidised to iodic acid. The brown solution will turn colourless. 

I3 + 5Cla + 6HaO = 2HIO3 + lOHCJ. 

Then, on passage of II 38 , sulphur is precipitated no doubt 
but at the same time iodine is also set free. On continued 
passage of of course, the sulphur alone will remain as a 

white or yellow ppt., and hydriodic acid will be formed in 
solution. 

2HIO3 + 6H. S = Ta + 6 H 2O + 68 
I 2 +H 28 = 2 HI + S. 

Q. 6.. Hoio would you obtain ; 

.(a) Oxygen and chlorine from potassium chlorate^ 

(b) Nitrous oxide from nitre^ 
ic) Nitrogen from airy 

(d) Mercury from corrosive sublimatCy 

(e) Anhydrous ferrous chloride from iroji ? 

Explain the reactions involved and give equations, 

Ans. (a) Potassium chlorate is mixed with manganese 
diojxide (MnOa) to the extent of one-fifth of its weight and the 
mixture is taken in a hard-glass test-tube fitted with a cork and 
a delivery tube. The delivery tube is dipped under water in a 
pneumatic trough, over which a gas-jar full of water is inverted. 
The hard-glass test tube is next heated when a gas is evolved 
and is collected in the gas-jar by displacement of water. A solid 
residue is left in the test-tube. 

2 KCIO 3 -- 2 KOI + 3 O 3 . 

[ + Mn 02 ] r + MnOo] 

The gas collected in the gas-jar is found to be capable of 
rekindling a glowing chip of wood, of producing brown fumes 
with nitric oxide and to be absorbed completely by alkaline 
pyrogallate, proving it to be oxygen. 

The residue is heated till the evolution of oxygon completely 
.ceases. Then it is taken in a fiask fitted with a thistle-funnel 
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and a delivery tube and is covered completely with concentrated 
sulphuric acid. The mixture is heated gently at first to see 
that no crackling sound is produced due to the presence of any 
undecomposed KGIO3. Then the mixture is heated somewhat 
strongly when a greenish-yellow gas is evolved. The gas iS' 
collected in a gas-jar by upward displacement of air. 

2K01 + 3 HaS 04 + MnOs “ SKHSO* + MnSO* + CU + 2 H 2 O. 

That the gas is chlorine is proved by its greenish-yellow 
colour, peculiar pungent odour like that of bleaching powder and 
its capacity to turn starch-iodide paper blue. 

(b) Nitre, KNO3 is to be mixed with ammonium sulphate 
(NH 4 ) 2 B 04 . The mixture is then taken in a round-bottomed 
flask provided with a cork through which passes a delivery tube. 
The mixture is then heated and the gas evolved is collected by 
displacement of hot water, since the gas is soluble in cold water. 
At first, by double decomposition ammonium nitrate is formed. 
This then decomposes giving nitrous oxide and water. 

2 KNOh + (NH4)2S04 = K 3 BO 4 + 2NHiNO» 

NH 4 N 03 -N 20 + 2H20. 

(c) From air, nitrogen can be obtained, admixed with the 
inert gases present in air, by passing air over heated metallic 
copper in the form of copper turnings taken in a hard glass tube 
and then collecting the gas escaping out. Oxygen of air com¬ 
bines with heated copper, leaving nitrogen free, 

2 Cu + 02 = 2CuO. 

When pure nitrogen is to be prepared from air, air is passed 
over an electric arc at a temperature of 3000°C. and the reaction 
mixture is rapidly cooled when NO is obtained in small amount. 
This reacts on cooling with oxygen still remaining in air, giving 
brown gas, NO 2 * This is cooled in freezing mixture and collect¬ 
ed in the liquid state. Other gases pass out, these being inert 
gases and remaining nitrogen and oxygen. This nitrogen 
peroxide is then vapourised by heating and passed over red-hot 
copper, when copper oxide is formed and nitrogen escapes and 
can be collected by displacement of mercury in a pure state. 

N2+02 = 2N0 
2 N 0 + 02=2N0a 
2N02 + 4Cu«4Cu0 + N2. 
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{d) Corrosive sublimate, is mixed with soda-lime 

and the mixture taken in a glass test tube and heated. Small 
globules of mercury are found to be deposited in the upper cooler 
part of the test tube, giving a white mirror. These small 
globules are scratched with a glass rod and poured on a paper 
when bigger globules of mercury are obtained. 

2Hg0l2 + 4NaOH = 2Hg + 4NaCl + 2H 2 O + Oa. 

(c) Anhydrous ferrous chloride can be obtained from iron, 
by heating a spiral of fine iron wire in a hard glass tube, 
-connected on one side to a dry HCl generator and on the other 
to an empty bottle, and then passing a current of dry hydrogen 
chloride • through the tube. Anhydrous ferrous chloride is 
deposited as colourless crystals inside the empty bottle out of 
•contact with air. 

Pe + 2HCl = l*’eCl2+H2. 


Q. 7. Give an account of the manufacture of camtic soda 
from brine. Describe the chamjes which occur, ivriiino equations 
where possible, when (a) caustic soda solution, (i) ammonia 
solution, is slowly added to solution of each of the substances — 
ferric chloride, aluminium chloride and copper sulphate. 


Ans. Caustic soda is manufactured from brine (sodium chlo- 


S^It sofn. 



Pig. 31 

inside the^U-shaped vessel and 


ride solution) by electrolysis 
in a diaphragm cell. Nelson cell 
is now-a-days largely employed 
for the purpose. It consists of a 
rectangular steel tank, provided 
with outlets, a side tube for 
letting in steam and a tap at 
the bottom for taking out 
caustic soda solution formed in 
the tank. The cathode is in the 
form of a 17-tube and is made 
of a perforated steel plate 
mounted inside the tank : it is 
lined inside with asbestos. This 
cathode divides the tank into 
two compartments : one, anode 
the cathode compartment outside 
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ill. The - ends of the anode compartment are closed by 
cement. Brine is carefully purified and fed into the anode 
compartment in which a graphite rod is placed dipping in the 
brine. The graphite rod is connected to the positive pole of a 
battery and is thus made the anode ; the f7-shaped steel vessel 
is connected with the negative pole of the same battery 
and serves as the cathode. An inlet pipe is inserted 
into the brine in the anode compartment through which 
purified sodium chloride solution can be fed in and there is 
also an outlet pipe set near the top of the fj-shaped vessel 
in order to let out electrolysed brine. When current is put on, 
brine that gradually diffuses through the porous asbestos lining 
and reaches the cathode, undergoes electrolysis. Sodium, 
liberated at the cathode, is converted by reacting -with water 
into NaOH ; chlorine liberated at the anode escapes by the out-. 
let pipe set at the top. Hydrogen liberated in the cathode 
compartment is led off by the outlet-pipe set at its top. During 
electrolysis steam is blown into the cathode compartment to 
dissolve out the caustic soda formed at the cathode and- thus ' 
prevent clogging of the diaphragm and to heat the cell, thereby 
reducing its electrical resistance. The following changes take 
place on passing the current : 

2NaCl~2Na‘‘' +-201" (in brine) 

2Na+-^-2Na 
(at cathode) 

2 Cl'-^ 2 Cl->Cl 3 (gas at anode) 

(at anode) 

• 

Sodium atoms liberated at the cathode also react with steam, 
forming caustic soda and evolving hydrogen : 

2Na + 2 H 2 O « 2NaOH + Hg 

(gas in cathode compartment) 

(а) When caustic soda solution is added to ferric chloride 
solution, brown ferric hydroxide is precipitated and sodium 
chloride is formed in solution. 

FeOla + 3NaOH =» Fe(OH )3 + 3NaCl, * 

(б) When ammonia solution containing ammonium hydro¬ 
xide, is added to ferric chloride solution, brown ppt. of ferric 
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hydroxide is formed as with NaOH, but ammonium chloride is- 
formed here in solution. 

FeCla + 3 NH 4 OH = Fe(OH )3 + 3 NH 4 CI. 

(a) When caustic soda solution is added to aUminivmr 
chloride, at first a white gelatinous ppt. of aluminium hydro¬ 
xide is formed, but on addition of excess of caustic soda solution 
the ppt. of A 1 ( 0 H )3 dissolves, giving sodium aluminate. 

AICI 3 + 3NaOH = AKOl-Ds + 3NaCl 
A1(0H)3 +Na0H = NaA10o + 2 II 2 O. 

(h) On addition of ammonia solution to aluminium chloride 
solution, the same white gelatinous ppt. of Al(OH )3 is formed 
as with NaOH solution, but in this case the ppt. does not 
dissolve on addition of excess of ammonia solution. This is 
also because of the fact that the ppt. of Al(OH )3 is insolublt3 in 
NH4.CI which is also formed during the reaction. 

AIOI3 + 3Nn40H = Al(On)3 + 3NH4CI. 

(a) When a solution of caustic soda is added to coppei' mli^haie 
solution, a bluish white ppt. of copper hydroxide is formed. 
This copper hydroxide ])pt. is insoluble in exces of caustic soda 
solution. 

CUSO 4 l-2Na0H-Cu(0H)2+NaoS04. 

[h) When a solution of ammonia is added to copper sulphate 
solution, at first a bluish white ppt. of copper hydroxide is 
formed, but this precipitate dissolves to a deep blue solution 
of cuprammonium sulphate on addition of excess of ammonia 
solution. 

CUSO 4 +2NH4on=Cu(on)2 +(Nn4)«s04 
CuSO.t + 4 NH 4 OH* [Cu(NH 3 ) 4 B 04 + 4 H 2 O. 

Q. 8. Name the important ores of zinc. Describe the extraction 
of this metal and state its uses. Explain the action of sulphuric 
acid, nitric acid, sodium hydroxide and copper sulphate solution 
on zinc. 

Ans. The imjiortant ores of zinc are 

( 1 ) Bed ztnc ore or zincite, ZnO. 

( 2 ) Frankhnite. (Zn, Fe)0, FegO.-). 

(3) Calamine or Umithsonite, ZnCOs. 

(4) Zinc blende, black-jack or sphalerite, ZnR, 
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The metallic zinc is obtained from its ores by the Carbon 
Eeduction Process. When zinc blende is employed for getting 
the metal, the ore requires preliminary concentration on account 
of its being associated with galena, (PbS), quartz, sand, etc* For 
this purpose the crushed ore is placed in water to which a little 
oil and a little acid are added and the whole mixture is stirred 
up vigorously. Zn8 rises to the surface and is removed there¬ 
from. The impurities, like galena, sand, etc., collect at the bottom. 

When calamine, ZnCOs, is used for the extraction of the 
metal, no preliminary concentration is found to be necessary. 

Purified zinc sulphide is next roasted carefully in a multiple 
hearth furnace in a current of air, whereby it is converted into 
zinc oxide, ZnO. Care is to be taken to see that the ore is 

_ m 

completely converted into ZnO and not into ZiiSO^. 

2ZnS + 3 O 2 = 2ZnO + 2 SO 2 . 

In case of calamine, calcination will convert it into ZnO by 
elimination of carbon dioxide. 

ZnCOs = ZnO+ COa. 

The oxide is next mixed thoroughly with an excess of 
powdered coal (or Anthracite) and the mixture is heated strongly 
in cylindrical fire-clay retorts by gaseous fuel to a temperature 
of 1300®—1400®C. The retorts are closed at one end and are 
fitted at the open end, after charging, with a clay tube which 
serves as a condenser for zinc-vapour, A large number of such 
retorts are arranged in rows in the furnace, slightly slanting 
towards the mouth. During heating zinc oxido is reduced to 
metallic zinc and carbon combines with the oxygon of zinc oxide 
giving carbon monoxide. If there be any CO 3 formed, it is 
reduced by excess of carbon at the high temperature to carbon 
monoxide ; this carbon monoxide formation is aimed at because 
if any CO 2 be formed, then that will oxidise the zinc vapour to 
zinc oxide. Carbon monoxide burns at the mouth of the clay 
tube with a blue flame. After a time, the flame becomes much 
more brilliant, indicating that the metal is coming out as vapour. 
Then a smaller condenser, made of Iron, known »3 prolong, is 
fitted to the end of each clay tube for complete condensation of 
Zn'vapour. A portion of zinc vapour condenses as liquid metal 

11 
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in the clay tube, and zinc mixed with a little zinc oxide con¬ 
denses in the prolong. The molten zinc is taken out from time 
to time and cast into blocks. 

ZnO + C = Zn + CO. 

Uses of zinc *—Zinc is used for construction of electric cells 
like Daniell cell, for galvanising iron, in the preparation of 
alloys like brass, German silver, etc., pneumatic trough, gas 
holders, etc. 

Pure zinc is scarcely acted upon by pure sulphuric acid, 
owing to the deposit of a thin film of hydrogen which protects 
the surface of the metal from corrosion by acid. The presence 
of small quantities of impurities, however, brings about the 
dissolution of the metal by sulphuric acid with the rapid 
evolution of hydrogen, due to some sort of galvanic couple being 
formed by zinc along with the impurities present in it. 

Zn + H 2 S 04 -ZnS 04 +H 2 . 

Hot and concentrated H 2 SO 4 attacks zinc giving off SO 3 . 

Zn + 2 H 3 SO 4 « ZnS 04 + SO 2 + SHaO. 

Zinc dissolves in moderately dil. HNO3 giving N2O ; with 
very dil. HNO3 it gives NH4NO3, whereas cone. HNO3 gives 
NO 2 with zinc. 

4Zn + 10HNO3 (moderately dilute) - 4 Zn(N 03)2 + 5 H 2 O + N 3 O 
4Zn + 10 HNO 3 (dil.) = 4 Zn(N 03 ; 2 + NH 4 NO 3 + 3 n 30 
Zn + 4HN03 (conc.) = Za(N02)2 +*2H20+2N02. 

When heated with caustic soda solution, zinc dissolves with 
the formation of sodium zincate and evolution of hydrogen. 

Zn + 2NaOH =* Zn(ONa )2 + H 2 . 

Since zinc occurs above copper in the electro-chemical series, 
zinc displaces copper from copper sulphate solution, copper 
being precipitated as a red powder. 

CUSO 4 + Zn “ ZnS 04 + Cu. 
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Q. !• 5 grams of sulphur were completely burnt in pure 
oxygen. Calculate the volume of the product measured at 26°C. 
and 756 mm. pressure. 

This amount'of the gaseous product tvas led into 76 c.c. of a 
solution of caustic soda^ which then required another 76 cu:. of the 
same solukon to show a neutral reaction. Calculate the strength 
of the caustic soda solution in terms of normality and also find otU 
the total quantity of solid present in the neutral solution (S — 

0 = 16, Na = 23, E = l). 

Ans. From the equation 

S + 02=S03 
32 64 

we know that 32 ^^rams of sulphur, on complete combustion,- 
yield 64 grams of sulphur dioxide, that is, 22‘4 litres of sulphur 
dioxide at N.T.P., since molecular weight of any gas expressed 
in grams occupies 22*4 litres at N.T.P. 

Therefore, 5 grams of suljihur on complete burning in pure 

22*4 

oxygon, will give rise to x 5 litres of SOo at N.T.P. Let 

Fbe the volume of this SO 2 at 25'*C. and 756 ram. ])ressuro, 

Then by Boyle’s and Charles* Laws, we have 

99'A. y r, 

■^^%"yx760 
32 _ Fx 7S6 

273 ”273 + 20' 

, „ 22'4x ox 760 x 298,. 

whence - 32 ,, 273’x 706 " 

=* 3*841 litres. 

Again, the gaseous product from the burning of 5 grams of 
sulphur completely neutralised the caustic soda present in 
(76 + 75) or 150 c.c. of the solution of caustic soda used. 

Now, from the equations, S +02=802 

32 64 • 

SO 2 + 2NaOH = NasSOs + HaO 
64 2 x 40 2 X 23+ 32 + 3 X IQ 

or, 

126 



164 


C. U. QUESTIONS WITH ANSWBKS ON 


[1945 


we know that 32 grains of S, on complete combnstion, give 
rise to as much SOa as can neutralise 2 x 40 grams of NaOH 
and produce 126 grams of sodium sulphite. 


Therefore 5 grams of S, on complete combustion, will give 


rise to as much SO a as will neutralise 


2 x40 

*32 


X 5 grams or 


126 


12*5 grams of NaOH and produce -— x 6 grams, or 19*6876 

d2 

grams of Na 2 S 03 . 

Hence 12*5 grams of NaOH were present in 150 c.c. of the 

solution of caustic soda provided. Therefore, 1000 c.c. of the 

' . 12*5x1000 

caustic soda solution used contained - grams or 


250 


150 

grams of NaOH. Now, the normal solution (N) of caustic 


soda contains 40 grams of NaOH per litre of solution. There¬ 


.1 () 


fore, the strength of caustic soda solution supplied — ^-- (N) 

40 

250 

=. (N) == 2*083 (N). Also, the total quantity of solid sodium 

sulphite present in the neutral solution (which could be re¬ 
covered on evaporating the solution to dryness) = 19*6875 grams. 


Q. 2. Write explanatory notes on :— 

(a) Io7iisation ; (h) Dissociation ; (c) Neutralisation ; and 

(d) Avogadro’s Hyjiothesis, 

Illustrate your ansioers with suitable examples. 

Ans. (a) When acids, bases and salts are dissolved in water, 
• they are said to break down into electrically charged particles 
called ions. This breaking-up into electrically charged particles 
of the above class of substances on being dissolved in water is 
known as ionisation. This is a reversible phenomenon. 

Thus, nitric acid in water solution is stated to break up as- 
follows :— 

HNOs^H+d-NOs'^ 

KOHr^K^ + OH" 

Na01f=iNa**- + Cr 
NaaS04^2Na+ + S04‘ 


Also 
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The breaking down into ions and recombination of ions to 
form undissociated compound go on simultaneously until an 
equilibrium condition is set up, but water being removed the 
unionised compound is got back. This phenomenon is also called 
electrolytic dissociation, 

(b) When a chemical compound decomposes under the 

influence of heat and the products are capable of recombining to 
form the original compound under exactly the same condition, 
the process is said to be one of dissociation. ■ • 

Thus, when ammonium chloride, NH+Cl, is heated in a 
closed vessel, it breaks up into NHg and HOI but NH« and 
HCl recombine to form NH 4 OI under similar conditions until a 
dynamic equilibrium is set up. 

NHaCl^NHa+HCl 
Similarly, in case of PCI;;, 

PGl.-,?=iPClo + Cl 2 

or, of I 2 , l 2 r=il +I. 

This phenomenon is also called thermal disiociation, 

(c) The process of neutralisation of an acid by a base 
consists in the combination of the hydrogen present in an acid 
with the oxygen or hydroxyl group present in a base, producing 
water and salt, when the two are brought together. 

Thus, HCl + KOH = KOI + H 2 O. 

Acid base salt water. 

HoSO^ + CaO = GaS 04 +H 20 . 

Acid base salt water. 

In the light of the ionic theory, neutralisation of an acid by 
a base consists in the combination of the H'*’ ion of the acid, 
with the (0H)“ ion of the alkali (a strong base) with the forma¬ 
tion of undissociated water. 

Thus, 

HCl + KOH = + Cr + K-' + (OH)- 

= K^ + Cr+HoO 

Dissociated Undissociated 
salt water 

(d) Avogadro’s hypothesis states that egml volumes of all 
yases and vapours {elementary or compound) under the same condi* 
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Hons of temperature and pressure contain the same number of 
molecules. 

Thus, when at a 6 xed temperature and pressure a vessel is 
successively filled with different gases and vapours, either 
elementary or compound, like oxygen, chlorine, hydrogen 
chloride or steam, the vessel will contain exactly the same 
number of molecules of those different gases and vapour. 

The number of molecules in a gram-molecule of all gases, 
which occupies 22'4 litres at N.T.P., is the same and is called 
Avogadro Number, It has a value 6*06 x 10®®, 

Q. 3. We get fairly extensive deposit of Bauxite in India, 
but no cryolite, although sodium fluoride and alummium fluoride 
are available. Gan you suggest a method for the preparation of 

the metal in this country ? Give a clean sketch of the apparatus 

that pou may require for its manufacture and enumerate the condi- 
’ tions you wiU adhere to. 

Discuss the changes that you u'ill observe when {a) nitric acid 
is added to pure aluminium, ( 6 ) hydrogen chloride is passed over 
the healed metal and (c) aluminium is dipped into a solution of 
aluminium chloride. 

Ans. Cryolite is essentially necessary in the manufacture 
of aluminium, since the electrolytic bath in this case is of 

fused cryolite, in which the electrolyte, pure fused AI 2 O 3 , is 

dissolved. Now, the composition of cryolite is rei)rosented by 
the formula, AIP3, 3NaF. So from sodium lluoride and alumi¬ 
nium fluoride available the electrolytic bath can be prepared 
by fusing together a mixture of the two, taken in the proportion 
of 1 molecule (84 parts by weight) of AlFa and 3 molecules (126 
parts by weight) of NaF in the vessel described below and this 
fused mass will dissolve purified bauxite and serve for every 
purpose the requirements of cryolite* 

The metal Aluminium is extracted exclusively from 
bauxite, AI 2 O 3 , 2 H 3 O. But since this contains iron, it is first 
purified. 

Purification of bauxite :— 

Bauxite is fused with Na 2 COs or NaOH :— 

AI 2 O 8 +Na 2 C 03 =2NaA102 +OO 2 . 

The oold mass is extracted with water. 

Or, bauxite is first roasted at a low temperature to convert 
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FeO into Fe208 and then it is digested with a solution of NaOH 
in iron vessels under pressure and at a temp, of 150^0. : 

AUOs + 2NaOH 2NaA102 + H 2 O. 

The alumina is precipitated from the solution obtained 
after the removal of insoluble impurities either («) by passing CO 2 
at 60" “ 60*0. 

2NaA102 + OO 2 + 3HaO = 2A1(0H)8 + NaaCOs 

Or, (n) by digesting with some freshly precipitated 
A1(0H)8 with constant agitation when nearly all the A 1 { 0 H )3 
comes down as an amorj)hous precipitate. (— Baey&rs Process). 

In either case the ppt. is washed, dried and ignited at 1POO®0., 
when pure AI 2 O 3 (98‘8%) is obtained. • • 

Extraction of Aluminium from purified bauxite by electro¬ 
lysis :—Purified bauxite is now dissolved in a bath of molten 
cryolite and electrolysed in an electric furnace. The furnace 
consists of a rectangular iron box which is lined with fire-bricks 
and then with blocks of gas carbon. This is made the cathode. 
The anode consists of 3 or 4 stout carbon rods attached to a rod 
of copper and is suspended in the molten bath. A little fluorspar 
is added to increase the fluidity of the bath. When electric 
current is passed in, alumina undergoes decomposition. Alumi- 
3iium, liberated at the cathode, sinks in the liquid state to the 
bottom whence it is taken out by means of the tap-hole. Oxygen, 
liberated at the anode, attacks the carbon rod producing 00 and 
CO 2 which are given off as gas. 

2Al203=-4Al + 302. 


juDX 




Fig. 34 

The resistance of the electrolyte gives sufficient heat to keep 
the mass in the fused condition. The temperature of the bath 
is usually maintained at about 900"C. 
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The method is oontinuons. When Al 20 a is used up, the 
resistance of the furnace increases and then a lamp which is 
shunted off the circuit, begins to glow. Fresh AI 2 O 3 is then 
added. 

(a) Dilute nitric acid very slowly attacks impure aluminium 
giving aluminium nitrate and ammonium nitrate, but pure 
aluminium is not acted upon by nitric acid, particularly when 
the acid is concentrated. 

(h) When hydrogen chloride is passed over the heated 
metal, anhydrous aluminium chloride is formed which readily 
Eublimes off and collects in a cooled receiver used in the reaction. 
Hydrogen gas is also evolved which escapes, 

2 A 1 + 6HC1« 2 AICI 9 + SHa. 

m 

(<r) Aluminium chloride solution, due to hydrolytic decompo¬ 
sition, always contains a little HCl. So when aluminium is 
dipped into such a solution, a few bubbles of hydrogen are 
evolved and HCl is thereby destroyed. The solution then under¬ 
goes progressive hydrolysis and aluminium hydroxide, AlCOHla, 
will be deposited to a certain extent as a gelatinous precipitate. 
But these reactions will be very feeble- 

Q. 4. Envmerate the changea that take place luhen {a) 
carbon dioxide is passed into lime xoater, (h) sulph^^retied hydrogen 
is passed through a concentrated solution of sulphur dioxide 
in the cold, (c) chlorine is passed into hot milk of lime, id) nitric 
oxide is led into a solutiori of ferrous sulphate which is subsequently 
heated. 

Express the chemical reactions by equations and also name 
the products as far as possible. 

Ans. (a) When carbon dioxide is passed into lime water 
in moderate amount, a wliito precipitate of calcium carbonate 
is formed, rendering the solution milky. 

Ca(OH)o + COa = CaCOa + HoO. 

On passing more OOa, so that it is in excess, the milkiness 
of the solution disappears due to the precipitated GaCOs passing 
into solution as calcium bicarbonate. 

OaCOa +H 2 O + CO 2 "0aH2(0O3)2. 
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(fe) When sulphuretted hydrogen is slowly passed through 
a concentrated solution of sulphur dioxide in the cold, a milky 
solution, containing precipitated colloidal sulphur, known as 
Wackenroders solution, is obtained. Though sulphur is the main 
product obtained as a precipitate, the solution contains thionic 
acids and chiefly pentathionic acid, H2S6O6, 

The primary chemical reaction is represented by the equation, 
2H2SH- SOa =2H20 + 3S and the pentathionic acid formation is 
represented by the equation, 6H2S + IOSO2“SHaSsOo+2H2O. 

(c) When chlorine is passed into hot milk of lime, calciuos 
chlorate and calcium chloride are formed along with water. 

6Ca(OH)a + 6CI2 =* 0a(0103)2 + 6Ca0la + 6H2O. 

« 

(d) When nitric oxide is passed into a solution of ferrous 
sulphate, it is absorbed by ferrous sulphate solution giving a 
brown solution which contains a loose compound of ferrous 
sulphate and nitric oxide of the composition FeSO*, NO. 

FeS04+N0 = FeS0i,N0. 

When the brown solution containing FeSO*, NQ is heated, 
nitric oxide escapes and ferrous suli)hate remains behind in 
solution. 

FeS04, NO = FoS04+NO. 

Q. 5. Briefly describe the metallurgy of iron. What ingredients 
are used in India for tis ^preparation ? 

How arc these obtained: (c^ malleable iron fromjngiron^ 
{b) lyassive iron, and (c) rustless iron ? . • , 

Ans. The ores generally employed for the extraction of iron, 
are the oxides and the carbonate. These ores are first roasted in* 
order to drive off water and carbon dioxide, to render the mass 
porous and to convert the ferrous oxide to ferric oxide. The 
oxide, thus obtained, is then reduced with coke and limestone 
in a blast furnace. The blast furnace is made of steel and lined 
inside with fire-bricks. It is from 60 to 80 ft. in .height and is 
broadest at the middle. The top of the furnace is closed by a 
cup-and‘Cone arrangement. The calcined ore mixed with coke 
and limestone, is introduced into the furnace, by lowering the 
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cone. A blast of heated air at a temp, of 700®—800®0. isTthen 
introduced through the jets at the bottom, known as tuyeres. 



• • ?if?. 36 

placed round the base of the furnace. The oxy^iSen of the air 
combines with the carbon to form carbon monoxide which brings 

.about the reduction of the iron oxide to iron. 

■ 

+ SCO = 2F0 + 300^. 

A' portion of FeaOn that may escape reduction by CO is 
reduced by carbon itself. The spongy iron so obtained at a 
temp, of lOOO'^O., absorbs various impurities like carbon, sulphur, 

• phosphorus and silicon from the ore, coke, etc. This impure 
iron melts and descends to the bottom of the furnace. Lime 
obtained by the decomposition of the limestone at the tempera¬ 
ture of the furnace, combines with the siliceous impurities 
present in the ore forming a slag which flows down with the 
molten iron to the hearth. The slag, being lighter than the 
molten iron, floats on its surface, and thus prevents oxidation of 
the iron by the oxidising action of the blast. 

CaC03=Ca0 + C02 
CaO + SiOs = CaSiOs (Slag^ 
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As the slag reaches a certain height, it runs out through 
certain openings known as slag-holes : the iron is ran off at 
snitable intervals and allowed to flow into moulds of sand. Iron, 
thus obtained, is known as pig iron or cast iron. 

In India, Bed haematite and Brown haematite are obtainable 
in different localities like Mayurbhunj, Keonjhur, Mysore, etc., 
and these are used in the extraction of iron. Goal obtainable in 
abundance, is converted into coke in coke-ovens and used in the 
blast furnace along with the fluxes like dolomite (MgCOs, 
CaOOa) and limestone, CaCOs. 

{a) Preparation of wrcnight iron from pig iron —Wrought iron 
is obtained from cast iron by oxidising away the impurities of 
molten cast iron by contact with ferric oxide in a puddling 
furnace. The imddliiig furnace is essentially a reverberatory 
furnace, the side-plates and bottom of the hearth being lined 
with fettling (ferric oxide). Cast iron is melted in the hearth of 
the furnace and is then well stirred with long iron rods to mix 
the molten mass with the lining, iLnd also to expose every part 
of the molten metal to the oxidising action of air. Silicon and 
manganese are first oxidised and then the carbon is attacked as 
also sulphur. Volatile gases like CO 2 , SO 2 escape and the non¬ 
volatile oxides combine with the iron oxide of the lining, produc¬ 
ing slag. Due to escape of gases, the metal seems to boil. As the 
iron becomes purer, its molting point rises ; but the temperature 
of the furnace not being high enough, the mass becomes pasty. 
The ])asty mass is then worked into balls and hammered under 
steam hammers to squeeze out the slag. The product, which is 
rolled into sheets or bars, and cooled, is wrought iron containing 
a very low amount of impurity. 

(6) Passive iron is obtained by dipping iron in fuming nitric 
acid, or chloric acid, or chronuc acid or even in hydrogen 
peroxide. Iron then becomes insoluble in dilute acids and loses 
its capacity to deposit copper when dipped into a solution of 
copper sulphate. 

(c) An alloy known as chromium steel is known.as rustless 
iron, or stainless steel. It is produced by addihg ferro-chrome^ 
«.e., iron with 60-70 per cent, of chromium, to steel produced by 
the open-hearth process, before the molten steel is poured out 
on the laddie. Stainless steel contains 12-14 per cent, of chro- 
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mium as ordinarily prepared. Eustless iron can also be obtained 
by giving iron a coating of FejjO* by passing steam over iron 
Tendered red-hot. Under the circumstances rusting of iron is 
prevented. 

Q. 6. Hoio does calcium occur in nature ? What are the 
chief compounds of calcium that are extensively used for various 
purposes ? Give a brief revietv of the methods that lead to the 
industries production of these materials. 

Ans. Calcium occurs in nature as 

( 1 ) Carbonate, CaCO^, in calcite, ara'gonite, limestone, 
•calcspar, chalk, etc. ; 

’* ( 2 ) double carbonate with magnesium ; 

MgCOa, CaCOjj, in dolomite ; 

(3) sulphate, CaSO#, 2 H 2 O, in gypsum 5 

(4) phosphate, Caa(P 04 ) 2 . in phosphorite 5 

(5) fluophosphate, 30a3fP04)2, CaFg in fluorapatite ; 
chloro-phosphate, 3Ca3(POt)2* OaClo, in chlorapatite ; 

(6) fluoride, GaP 2 . in fluorspar. 

The chief compounds of calcium that are extensively used in 
industry and for various other purposes are (a) fime, both quick¬ 
lime, CaO and slaked lime, Ca(OH )2 ; W bleaching powder, 
Ca(OQl)Cl ; ic) plaster of Paris, SOaSOj., HoO and (d) calcium 
carbide, CaCo. 

(a) Both quicklime and slaked lime are obtained from lime 
stone, CaCOa. Lime kilni a shaft furnace in construction, is 
filled with blocks of limestone. The lumps of limestone are 
arranged in the form of an arch over the fire obtained by 
burning carbon-aceous fuel below. The arrangement is such that 
the ’.fuel is kept separate from the stone (see Pig. 36). The 
burning is carried on for thirty-six to forty-eight hours. The 
kiln is then allowed to cool and the lumps of quicklime are then 
taken out. This process is non-continuous and is wasteful of 
fuels and so at present continuous lime-kilns are in operation. 
Producer gas is used as a fuel in this case and lime gradually 
.oomes down the kiln and is taken out at the bottom, more lime¬ 
stone being fed at the top. 

CaC0s“Ca0-h002. 
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When quicklime is treated with water iai small amount^ 
much heat is developed and steam is produced.' The quicklime 



Fig. 36 

cracks and finally, when sufficient water has been added, it 
crumbles down bo a fine wliite powder. This is calcium j 
hydroxide, produced by combination of water with quicklime, 
CaO + H20 = Ca(OII) 2 * Thus slaked lime, 0a(0H)2, is obtained, j 

(b) Dry slaked lime, Ca(OH)(s, is spread on the floor' of a 
lead-lined wooden chamber, provided with glass doors and 
windows and a fan arrangement inside the chamber for dusting 
in lime. Chlorine, free from CO 2 and HCl, is led in by a pipe, 
near the top. The temperature is. not allowed to rise above 40®C.,« 
and the mass is left in that condition for about 24 hours. In. 
the meantime lime is turned over with wooden rakes from time, 
to time inorder to expose fresh surface to the action of chlorine 
gas. When the absorption of chlorine is nearly *complete, some 
lime is sprayed into the chamber with the help of the fan arrange¬ 
ment inorder to get rid of the last trace of chlorine. Bleaching 
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powder is then- removed by workmen by removing the false 
bottom of the chamber and packed into barrels* 

Ca(OH)2 +CI 2 “CaCOCDCl + HaO. 

(c) Plaster of Paris, 20 aS 04 , H 2 O, is prepared by heating 
gypsum to a temperature not exceeding 120®0. in a furance in 
such a fashion that it does not come in contact with carbonace- 
ous fuel to avoid reduction. 

2CaS04, 2H20 = (CaS0j2, HgO + SHaO. 

(d) Calcium carbide is prepared by heating a mixture of 2 
parts of coke and 3 parts of quicklime to a high temperature in a 
closed electric furnace. The carbide is produced in the fused 
state at the high temperature of the furnace and is tapped off, 
cooled and broken up into pieces. 

CaO + 3C = CaC 5 ,+CO. 

. Q. 7. What is glass ? How is it •pr&pared ^ IVkat do you ktwto 
■about making glass vessels ? 

Give a short account of the following :— 

ia) Transparent sihca, (b) fldnt glass, and (c) rfiby glass, 

Ans. Glass is an amorphous, transparent or translucent 
substance which can be considered as a super-cooled liquid. Tt 
is rigid in structure and is of infinite viscosity. It is not a single 
individual chemical unit, but is an intimate mixture of several 
substances, all silicates, one of which must always be that of 
an alkali metal. The usual silicates are those of sodium, 
potassium, calcium or lead. The silicates arc formed at a high 
temperature at which they arc all in the fused state. In that 
fused condition they mix and when this molten mixture cools 
down the individual silicates do not separate but remain mixed 
together. The liquid mixture of silicates, as it cools down, passes 
through a plastic condition to the very hard, brittle and 
transparent substance known as glass, which has no crystalline 
structure or sharp melting point. When heated, glass becomes 
gradually softer and softer as the temperature rises, and is 
ultimately transformed into a mobile liquid. On cooling, glass 
passes through all degrees of viscosity which makes the 
manufacture of glass articles by blowing possible and its 
manipulation easy. It is a non-conductor of heat and electri¬ 
city. Ordinary glass vessels undergo unequal expansion in 
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different directions on sadden heating. So the' sudden heating 
of glass vessels invariably cause the cracking and destruction 
of the vessel. Glass is generally resistant to the action of most 
chemicals but is slowly attacked by water even at the ordinary 
temperature. It is acted on by alkalies and by hydrofluoric 
acid forming silicon tetra-fluoride. Glass, may be highly polished 
and beautifully coloured and hence its extensive use in arts. 
Glass develox )3 the tendency of losing its transparency and 
becoming porcelain-like white in appearance spontaneously 
sometimes at the ordinary temperature and always when kept 
continuously at high temperature. This is due to the crystalli¬ 
sation of the component silicates. This is known as devitrificaiioii. 
Pieces of glass may be welded together by fusion, a property 
which is found to be of much value. ‘ • 

Composition and classification of glass :— 

The chemical composition of glass is not that of one single 
compound ; so it is difficult to give any particular ‘ chemical 
formula to it. Yet, within certain limits, it may be approximate¬ 
ly represented by the formula irAoO, t/BO, GSiOg, where 
stands for either sodium or potassium and “B” stands for either 
calcium or lead and usually x and y nro found to be equal to 1 ,. 

Commercial glass, as is usully met with, may bo classified 
into the following four chief classes :— 

I. Soda4ime glass, soft glass or crown glass. —Na 20 , OaO,‘ 
GSiOo. —^It is mainly a mixture of sodium aud calcium silicates. 
It is very fusible. Window glass, plate glass and the glass of 
majority of laboratory apparatus belong to this class. 

II. Potash-lime glass, Bohemian glass or Hard glass,-^K 2 O, 
CaO, GSiO^.—It is chiefly a mixture of potassium and calcium 
silicates. It fuses at high temperatures and with great diffi¬ 
culty, It is very resistant to the action of solvents. These 
properties make it suitable for the construction of chemical 
apparatus and combustion tubes. 

III. Potash-lead glass or flint glass. —K 3 O 1 PbO, GSIOq.— 
This is mainly a mixture of potassium and lead silicates. It 
fuses very readily and hence can be worked with easily. This 
variety of glass is characterised by possessing a brilliant lustre 
due to its high refractive index and is, therefore, largely used 
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in the manufacture of lenses, prisms and other optical apparatus. 
The presence of lead in this variety makes it incapable of being 
heated in reducing flames which will reduce the lead present to 
the metallic state and render the glass black and opaque. It is 
readily attacked by aqueous solutions. 

IV* Bottle glass or common glass *—This is a mixture of 
sodium, calcium and iron silicates. It is yellow, brown or green 
in colour. It is less fusible than soda-lime glass. It is more 
readily attacked by acids. It is used for the manufacture of 
ordinary bottles and medicine phials. 

Manufacture of glass ;— 

• The materials required for the manufacture of glass are 
chiefly the alkalies, lime and silica. The alkalies are supplied 
in the form of carbonates and sulphates of sodium and 
potassium. Lime is supplied in the form of chalk or limestone. 
Lead is. used in the form of red lead, litharge or white lead. 
Silica is supplied in the form of clean white sand or quartz. 

The materials used should be thoroughly free from iron and 
carbonaceous matter, for these materials impart objectionable 
colour to glass. If the materials cannot be had free from iron 
and carbon, they are oxidised towards the end by addition 
of pyrolusite or nitre in case of lime glass or red lead in case of 
lead glass. 

• The materials are first mixed with broken glass called cullet. 
These are then finely powdered in grinding machines and are 
very accurately weighed in right proportions and then intimately 
mixed. The mixing is done in mixing machines so as to make 
the mixture as uniform as possible. The mixture (technically 
'called the batch) is then put into specially constructed pots of 
refractory fireclay (open or covered) or in tanks also made of 
fireclay, in small quantities at a time and heated to a high tem¬ 
perature by means of producer gas. When the first charge has 
melted, a second is added and the charge molted. The process 
is continued until the pots are nearly full. At this stage, subs¬ 
tances required for oxidation and decolorisation, viz., pyrolusite, 
nitre, rod lead, etc., are added and the mixture heated for some 
time until CO2, SOa, and O2 are all evolved away. The whole 
charge melts to quiet fusion at this stage. The temperature is- 
then still further raised and the melt loft for sometime in that 
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condition. The scum that is formed is removed. ‘ TVhen the 
molten mass is free from bubbles and glass galls, the temperature 
of the molten liquid is allowed to fall slowly, so that the glass 
becomes plastic enough to work with. 

If coloured glass is to be produced by the poUmetal colouring 
process, colouring materials, usually suitable metallic oxides, are 
added to the molten glass and the mass heated again till it 
becomes homogeneous. Thus, FeO produces green glass, CoO 
blue glass, OU 2 O red glass, etc. 

Glass vessels are made either by blowing glass in the plastic 
condition, or by pouring molten glass in moulds. The vessela 
produced in the second way are progressively cooled by passing 
them through several chambers the temperature of which gra¬ 
dually comes down. These are called annealing chambers and 
the process is called annealing. 

(а) Transparent silica, or silica glass is obtained by fusing 
any form of silica in the electric furnace. Its co-efficient of 
cubical expansion is very small and so a vessel made of fused 
silica can be made red-hot and dipped into water without 
cracking. It is transparent to ultraviolet light. 

(б) Flint glass is, as stated before, potash-lead glass. It is 
mainly a mixture of potassium and lead silicates, the compo¬ 
sition of which can be approximately represented by the formula, 
K 2 O, PbO, 6Si02. It is prepared in hooded pots, otherwise it 
turns black due to separation of lead. It is of higher specific 
gravity than ordinary glass and has a bright lustre. The 
refractive index (l*70*'l’78) is also higher than that of any other 
kinds of glass. It is acted upon by aqueous solutions readily. 

(c) Ruby glass is a kind of glass coloured red by the addition . 
of either cuprous oxide, or purple of Cassius to the fused glass 
during its manufacture. It is used in the manufacture of fancy 
articles, window panes and in the production of artificial gems., 

Q. 8. How can ^ you cQnmrt^'4ja^. ferric chloride into ferrous 
chloride, {Ij^jtannous chloride into stannic chloride, mer- 
curo^^s nitrate into mercuric nitrate and chloride into 

cuprous chloride. 

Express the changes by equations and justify the statement 
that these reactions involve an oxidising or a reducing process. 

12 
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Ana. (a) On passing sulphur dioxide through a yellow 
solution of ferric chloride, a colourless or (faintly green) solution 
of ferrous chloride is produced. 

2Fe0l3 + 80a + 2H20 = 2FeCl2 +HaS04 +2H01. 

Here the proportion of the electro*negative element, chlorine 
in ferric chloride, is diminished and so it is a case involving 
reduction. 

(b) Stannous chloride is taken in a hard glass tube and 
heated, and chlorine gas from a chlorine cylinder is passed over 
it, when chlorine combines with stannous chloride giving stannic 
ohloride. 

SnCla+Cla-SnCU. 

Here the proportion of the electro-negative element, chlorine 
in stannous chloride, is increased and so it is a case involving 
oxidation. 

(c) Mercurous nitrate is taken in a test tube and boiled 
with cone. HNOa, when mercuric nitrate is formed. 

Hga(N 03 )a + 4 HNO 3 = 2 Hg(N 03 )a + 2HaO + 2 NO 2 . 

Here the proportion of the electro-negative radical, NO;,, in 
mercurous nitrate, is increased and so it is a case involving 
oxidation. 

(d) A solution of cupric chloride is taken in a test tube and 
sulphur dioxide gas is passed through it, when white ppt. of 
cuprous chloride is obtained. 

2 CUCI 2 + 2 H 2 O + SOo =CuaCl2 + H 0 SO 4 + 2HC1. 

Here the proportion of the electro-negative element, chlorine 
in cupric chloride, is diminished and so it is a case involving 
reduction. 
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Q. 1. Explain and illustrate the following :— 

(a) Atoms and molecules ; (b) oxidation and reduction. 

What do you understand by the statement—**The atomic weight of 
ohlorine is 35’6** ? 

Ans. (a) Atoms : An atom of an element is the smallest 
particle of that element which can take part in a chemical 
•change. According to Dalton’s atomic theory an atom is 
incapable of separate existence. But in case of monatomic 
elements like inert gases of argon family, atoms of those elements 
exist in the free state. 

Molecules : A molecule of any substance, either elementary 
or compound, is the smallest particle of that substance 
which can exist in the free state preserving all charateristics 
of that substance. Molecules are made up of one' or more 
atoms of tlie same element (in the case of elementary substances) 
or two or more atoms of different elements (in the case of 
compounds). 

Thus a molecule of mercury or sodium in the vapouroua state 
consists of only one atom of the partientar element ; the mole¬ 
cule of hydrogen, oxygen or nitrogen (elementary gaseous 
substances) consist of 2 atoms each of the element concerned ; 
a molecule of hydrochloric acid and of steam (compound vapoiirous 
substances) consists of 2 atoms and 3 atoms respectively of 
different elements. A molecule of calcium carbonate consists 
of 6 atoms, 1 of calcium, 1 of carbon and 3 of oxygen. 

(b) Oxidation is described as the process which increases 
the proportion of oxygen or of an equivalent electro-negative 
element or radical in an element or a compound, or^iminishes 
the proportion of hydrogen or of an electro-positive element or 
radical in a compound. 

Beduction may be defined as the result of the converse 
operations. Thus, reduction is the process which increases the 
proportion of hydrogen or of an electro-positive element or 
radical in an element or a compound, or diminishes the propor¬ 
tion of oxygen or of an equivalent electro-negative element or 
radical in a compound. 
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Thus, when sulphur is burnt in oxygen, it is oxidised to 
sulphur dioxide. 

S + O 2 “ S02* 

When iron is heated in a stream of chlorine gas, it is oxidised 
to ferric chloride. 

2Fe + 3 CI 2 ~ Fe 2 Clo. 

When hydrochloric acid is heated with manganese dioxide, ife 
is oxidised to chlorine by removal of hydrogen. 

4HCl + Mn02=MnGl2 + Cl2 ■I-2H20. 

Similarly, when hydrogen gas is passed over heated copper 
oxide (black), it is reduced to metallic copper (red). 

CuO + H 2 — Cu + H 2 O. 

When sulphuretted hydrogen is passed into iodine suspended 
in water, iodine is reduced to hydriodic acid by addition of 
hydrogen. 

n3S + Ia = 2HI + S. 

When ferric chloride solution (yellow) is treated with zinc 
and hydrochloric acid, it is reduced to ferrous chloride (solution 
colourless) by nascent hydrogen. 

FeClg + n-FeCla+HCl. 

Among inorganic compounds, oxidation usually denotes an 
increase in the active valency of the central atom, as for example, 
when ferrous chloride is oxidised to ferric chloride, or stannous 
chloride is oxidised to stannic chloride. 

From ionic standpoint, if we take into consideration the 
reaction, 

2FeCl3 + SnOla = SnOU + 2 F 0 CI 2 , 
it can be represented as 

2Fe+‘^'^ + Sn++ = Sn'*’'^'^+ + 2Fe'^+. 

Here it is evident that stannous ion is oxidised by the loss of 
two electrons which have passed to the two ferric ions, reducing 
them to the ferrous state. 

' Hence, oxidation may be defined as a loss of electrons and 
reduction as a gain of electrons, 

9 

Moreover, it must also be observed that oxidation and reduc- 
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tion take place simultaneously. Whenever a substance is oxidi¬ 
sed, another one is reduced. Thus, when stannous chloride 
solution is added to a solution of mercuric chloride, a white preci¬ 
pitate of mercurous chloride is obtained. Here mercuric chloride 
Is reduced to mercurous chloride, but at the same time stannous 
•chloride is oxidised to stannic chloride. 

2HgGl2 +SnGl 2 *=Hg 2 Gl 2 +SnOU. 

By the statement— "'The atomic weight of chlcrhie is 35“5'\ 
we mean to say that the weight of one atom of chlorine is 35*5 
.times the weight of one atom of hydrogen. 


Thus, 


wt. o f 1 atom o f chlor ine 
wt. of 1 atom of hydrogen 



But at present the hydrogen standard of the atomic weights 
of elements has to be given up and oxygen with the value 16*00 
has been accepted as the standard of atomic weights. On that 
basis the statement means 


wt. of 1 atom of chlorine 

X 

wt. of 1 atom of oxygon 



Q. 2. Both nitrous oxide and air contain nitrogen and oxygen. 
How would you prove that in one they are chemically combined 
while in the other they form a mechajiical mixture ? 

Describe how you would determine the composition of air as 
well as of nitrous oxide by volume and then deduce the molecular 
formula of the latter. 

Ana. Air is a mechanical mixture of nitrogen and oxygen, 
whereas nitrous oxide is a chemical compound of nitrogen and 
oxygen. 

The following are the reasons for considering air to be a 
mechanical mixture of nitrogen and oxygen :— 

(l) In a mechanical mixture of two or more substances the 
properties of the different ingredients are retained, but when a 
compound is formed from two or more ingredients, the molecules 
•of the ingredients are changed and now molecules are formed^ 
These new molecules have properties altogether different from 
those of the ingredients. * 

Thus, the properties of both nitrogen and oxygen are found 
to be present in air ; for example, oxygen is a supporter of com- 
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bustioD, so is also air, though to a less extent on account of its- 
dilution. Oxygen is absorbed by alkaline pyrogallate, while 
oxygen present in air is also absorbed by alkaline pyrogallate. 
But alkaline pyrogallate cannot remove oxygen by absorption 
from any of the oxides of nitrogen which are compounds of 
nitrogen and oxygen. After removal of oxygen from air by 
absorption with alkaline pyrogallate, nitrogen left shows all the 
properties of nitrogen. 

Therefore air is considered to be a mechanical mixture. 

(2) The analyses of samples of air drawn from different 
localities and different altitudes show that the proportion of 
nitrogen and oxygen in air by weight is marly constant, yet 
slight variations are noticeable. But even the slightest devia¬ 
tion is not possible in the case of a chemical compound. 

Air is thus a mixture of oxygen and nitrogen. 

(3) When gases combine chemically, there is always a 
thermal effect, and oftentimes a change in volume is observed. 
But.when 23 parts by weight of oxygen are mixed with 77 parts 
by weight of nitrogen, there is neither any heat change nor any 
change in volume. Yet the mixture behaves in every way like 
ordinary air. 

Thus, air is a mechanical mixture. 

(4) The density and other physical properties of air are 
average of these properties of the constituents, nitrogen and 
oxygen, in the proportion in which they are present in air. 
Thus, taking d to be the density of air which contains nitrogen 
and o-xygen in the proportion 4 : 1 by volume approximately, we 
can calculate d as follows :— 

Wt. of air = Wt. of nitrogen+wt. of oxygen. Taking into- 
consideration 100 vols. of air to be formed from 80 volumes of 
nitrogen and 20 vols, of oxygen, 

100 X d = 80 X 14 4 20 X 16 
«11204320 
«1440 

.*. d =14‘4 
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The observed density of air is also 14*4—just the value cal* 
culated on the assumption that air is a mechanical mixture. 

Therefore air is nothing but a mechanical mixture. 

(5) There are five different oxides of nitrogen whose gravi¬ 
metric compositions are such that they obey the Law of Multi- 
pie proportions^ The composition of air by weight (77 nitrogen : 
23 oxygen) is such that no simple formula can be assigned to itw 
(77 parts by weights of nitrogen stand for 6j atoms of nitrogen 
and 23 parts by weight of oxygen stand for 1*4375 atoms of 
oxygen). Thus the Law of Multiple proportions as applied to 
the case of definite oxides of nitrogen cannot be applied here. 

Therefore air is a mechanical mixture. 

(6) The ingredients of a mechanical mixture can be separa¬ 
ted by easy mechanical means of separation like diffusion., 
distillation, vaporisation, etc., but the components of a chemical 
compound cannot be so separated. 

The constituents of air can be separated 

(а) By diffiision : When air is passed through a porous* 
tube, nitrogen, being lighter than oxygen, diffuses out more 
readily than oxygen and the residue left is found to be richer in 
oxygen than ordinary air. Had air been a chemical compound, 
no such separation of the constituents would have been 
possible. 

(б) By vaporisation : When liquid air is allowed to evapo¬ 
rate, the boiling point increases progressively. Furthur, the gas 
which comes out first is richer in nitrogen than the gas which 
comes out afterwards. Thus, liquid air is to be considered as 
a mixture of two liquids, liquid nitrogen and liquid oxygen, and 
it may be presumed that atmospheric air is also a mixture of the 
gases, nitrogen and oxygen. 

(c) By solution in water : If air be shaken with water, a 
part of it goes into solution and the dissolved gas can be expel* 
led by boiling. It has been found that the air thus recovered! 
from solution is very much richer in oxygen than, ordinary air. 
Thus a partial separation of the ingredients of air by solution in 
water followed by subsequent heating, t.e., by easy mechanical 
means, is possible. 
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Air is thus a tnechanical mixture. 

Any single argument given in the above discussion may not 
be considered sufficient, but the arguments taken all together 
prove completely that air is a mechanical mixture, and not a 
compound^ of nitrogen and oxygen. 

But nitrous oxide does not satisfy any of the tests applied in 
the case of air and the characteristics of definite compound of 
nitrogen and.oxygen are present here. Thus, 

(1) Oxygen in nitrous oxide cannot be removed by absorp¬ 
tion with alkaline pyrogallate, nor the oxygen in it produces 
brown fumes with nitric oxide (a characteristic of free oxygen). 

(2) Oxygen present in nitrous oxide cannot be separated by 
easy mechanical means as mentioned in the case of separation of 
oxygen from air. 

(3) Whatever may bo the source of nitrous oxide, it has 
always the same composition by weight, viz.^ 7 parts by weight 
of nitrogen combined with 4 parts by weight of oxygen. 

( 4 ) In the formation of nitrous oxide from nitrogen and 
oxygon, heat is absorbed and heat is given up during its decom¬ 
position. 

(5) The volumetric composition of the gas nitrous oxide can 
be utilised for determining its formula and its density agrees 
with the formula so derived. 

(6) In nitrous oxide 2 volumes of nitrogen combining with 1 
volume of oxygen give rise to 2 volumes of nitrous oxide but in 
air 4 volumes of nitrogen and 1 volume of oxygen give rise to 

.exactly 5 volumes of air. 

. Composition of air by volume ; 

A long glass tube, closed at one end, is taken and it is divided 
into six equal divisions by five rubber rings. Next a fresnly 
prepared solution of pyrogallic acid in excess of caustic soda 
solution is poured into the tube so as to fill up exactly one divi¬ 
sion. The open end of the tube is then closed with the thumb 
and the tube thoroughly shaken so that the whole of oxygen is 
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absorbed by the alkaline pyrogallate solution. Then the tube 
still closed with the thumb is inverted over water contained in a 
tall jar. The thumb is then removed and the water is found to 
rise up the tube. The level of water inside and outside the tube 
is then adjusted to the same height. The surface of water is 
found to stand at the second ring from the open end of the tube. 
Thus we find that out of 6 vols. of air taken, 1 vol. must have 
been occupied by oxygen, which is absorbed by alkaline pyro¬ 
gallate, and water rises up to fill this 1 vol., while the remaining 
4 vols. are occupied by nitrogen. That the remaining gaa is 
nitrogen is proved by the facts that {a) it is inert, (6) it does 
not support combustion and (c) it is absorbed by heated 
magnesium. 

« 

Thus air is a mixture of nitrogen and oxygen in the approxi¬ 
mate proportion of 4 : 1 by volume. 

Composition of nitrous oxide by volume and deduction of its 
molecular formula :— 

The volumetric composition of nitrous oxide is determined by 
the thumb tube method. 



Fig. 37 

Nearly half of a thumb tube is filled up with dry nitrous 
oxide by the displacement of mercury, the thumb tube with its 
contents being placed in a deep jar of mercury as shown in 
the adjoining figure. 

Into the horizontal portion of the tube a small piece of 
sodium is introduced. The level of mercury inside and outside 
the tube is made the same and the volume of nitrous oxide 
noted. Next, the piece of sodium is heated from outside when 
it catches fire and combines with all the oxygen of nitrous oxide. 
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giving oxides of sodium which are solid. Nitrogen gas is left^ 
behind as determined by suitable tests. The apparatus is 
allowed to cool and the level of mercury is adjusted. The 
mercury level stands exactly at the same place as before. That 
the gas left is nitrogen is proved by the facts that it is inert» 
does not turn lime-water milky and is completely absorbed by 
strongly heated magnesium. Thus, it is proved that nitrous 
oxide contains its own volume of nitrogen. 

Deduction of molecular formula of nitrons oxide :— 

• FrOm the above experiment we know that one vol. of nitrous 
^^xide contains 1 vol. of Na. Let “n” be the number of mole¬ 
cules present in 1 vol. of nitrous oxide. Then n molecules of 
nitrous oxide contain.» molecules of Na- Therefore,! mole¬ 
cule of nitrous oxide contains 1 molecule of nitrogen, that is, 
2 atOms of nitrogen, since nitrogen molecule is diatomic (Deduc¬ 
tion from Avogadro’s hypothesis). Thus, the formula for nitrous 
oxide is NaO*, where x is an integer. Now, the density of 
nitrous oxide, as determined experimentally, is 22. Therefore, 
the molecular weight of nitrous oxide is 44. Of these 44 parts, 
28 is accounted for by nitrogen, and 16 parts to be accounted for 
by oxygen. But 16 is the atomic weight of oxygon. Therefore, 
05 = 1 and the molecular formula for nitrous oxide is NaO. 

Q. 3, IIow is acetylene prepared in the laboratory ? State 
its properties and uses. 

Calculate the percentage of potasshm chlorate in a commercial 
sample of the material^ contaminated with potassium chloride^ 
r65t> grams of which liberate, when fully decomposed, just suffix 
dent oxygen for the complete combustion of 162 c.c. of acetylene 
gas at 27°G. and 750 mm. pressure. 

Ans. Preparation of acetylene in the laboratory is carried 
out in an Erlenmeyer flask fitted with a dropping funnel and 
a delivery tube. Small lumps of calcium carbide are placed on 
a layer of sand taken inside the dry Erlenmeyer flask at the 
mouth of which a cork is fitted carrying the dropping funnel and 
the delivery tube. Water is gradually dropped upon the lumpa 
of calcium carbide from the dropping funnel, when acetylene 
gas is freely evolved. The gas is collected by displacement of 
water. 


CaCa + 2HaO « CaHa + Ca(OH)a 
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Acetylene is a colourless gas, which in 
the pure state has an ethereal smell. 

Usually due to presence of impurities the 
gas possesses a garlic odour. It is slightly 
lighter than air. It is more soluble in 
water than methane or ethylene. It 
readily dissolves in alcohol. The gas is 
combustible, and is a non supporter of 
combustion. It burns with a highly 
luminous smoky flame, the smoke being 
due to separation of free carbon from 
acetylene by decomposition at an elevated 
temperature. When mixed with air and Pig. 38 
oxygen, the gas explodes on firing. 

20 2n 2 + 60 2 = 4002 + 2n 2 O. 

When the gas is passed into ammoniacal solution of cuprous 
chloride, a red precipitate of copper acetylide, Cu 202 in 20 i 8 
formed. When passed into ammoniacal silver nitrate solution, 
acetylene gives a white precipitate of silver acetylide. 
When mixed with hydrogen and passed over spongy jdatinum* 
ethylene and ultimately ethane is formed. 

O2H2 +Ha “OaHi. O2H4 + H2 “OaHe, 

It is absorbed by bromine water, forming acetylene bromides 
and when brought into contact with chlorine it bursts into 
flame. 

CaHa + Cla = 20 + 2HCl. 

When the gas is passed into a solution of mercuric sulphate 
in H 2 SO 4 at 50® - 60®, it combines with water giving acetalde* 
hyde. 

CaHa + H20 = CH3CH0. 

Acetylene is used for illuminating purposes where coal gas 
is not available ; for generating oxy-acetylene flame required 
for welding pieces of iron and steel together and it is admixed 
with coal gas, oil gas, etc. to increase their luminosity. 

Let V c.c. be the volume of acetylene at N.T.P. Then by 
Boyle’s and Charles’ Laws, we have, * 

162 X 760 Fx 760 

"2f3~+ 27 ” " '2'73 
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162 X 750 X 273 
’ 800 X 760 “• 

38 X 273 273 

"76 c. c.“= 2 0 . 


c. 


136*6 C.C. 


Now, from the equation, 

2C2H2 + 6O3 - 4 COa + 2H2O 

2 vols. 6 vols. 


2 vols. of acetylene require 6 vols. of oxygen for complete 
^combustion under the same conditions of temp, and pressure. 

136*5 c. c. of acetylene at N.T.P. will require for 

682*5 

-complete combustion 136*5 x f c. c. or 2 c. c. or 341*25 c. 0 . 


of oxygen at N.T.P. 

From the equation, 

2 KC 10 a- 2 KCl + 30 « 

• 2 ><(39+ 36*5+ 48) 3x32 

We know that 2 x 122*6 gms. of KClOa will give rise to 3 x 32 
gms. of O 3 . But molecular weight of any gas expressed in grams 
occupies 22*4 litres at N.T.P. Therefore, 3 x 22*4 litres of 
•oxygen at N.T.P. can be obtained from 2 x 122*5 grams of 
KClOs- Hence 341*26 c. c. or 0*34125 litres of oxygen at N.T.P. 


2 X 122*6 

veil! be obtained from 20*4 


X 0*34125 grams or 


1*246 grams 


•of KCIO3. Hence in 1'555 grams of impure potassium chlorate, 
there arc present 1*245 grams of KOIO 3 , the rest being the 
impurity, potassium chloride. 

Hence, the percentage of KCIO3 present in the commercial 
sample of potassium chlorate 


1*246 X 100 
1*666 


80*04. 


Q. 4. Describe the isolation of fluorine and give a neat sketch 
of the apparatus used. Compare its properties tuith those of 
ehlorhie. 


Ans. Fluorine was isolated by Moissan by electrolysing a 
solution of potassium hydrogen fluoride, KF, HF (Fremy’s salty 
in anhydrous hydrofluoric acid, HF. Anhydrous HF is a non- 
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conductor of electricity, but it is rendered conducting by dis- 
flowing KF, HF in it. The apparatus for eleotrolysis* consists' 
of a U-tube made of an alloy of Platinum and Iridium provided 
with two side-tubes and is fitted with fluorspar stoppers. Two- 
electrodes made also of Platinum-Iridium alloy and thickened 
at the bottom pass through the fluorspar stoppers. The whole 
apparatus is kept immersed in a bath of boiling methyl chloride 
at — 23‘’C. The U‘tube is Jrd filled up with the electrolyte- 
which is a solution of potassium hydrogen fluoride in anhydrous 
hydrofluoric acid. On passing the current through the electrolyte,. 
Hydrogen is liberated at the cathode and Fluorine at the anodor 
The gas evolved at the anode is next passed through a spiral 
of Platinum tube kept immersed in boiling methyl chloride to 
remove any vapour of HF coming over by condensation* 
The last trace of HF vapour is removed by passing the gas* 
through a tube of Platinum packed with sodium fluoride, -NaF..- 
Hydrogen liberated at the cathode was collected and measured 
by Moissan, who also absorbed the gas from tho anode in iron 
wire in a weighed i)latinum tube. lie found that for every gram 
of hydrogen evolved at tho cathode tho increase in weight of the- 
Platinum tube containing iron wire was 19 grams. The gas- 
evolved at the anode was thus established to be Fluorine. 



Fig. 39 

Comparison of the properties of Fluorine with those of Chlorine : 

Both Fluorine and Chlorine are gaseous elements ; the 
colour of Fluorine is pale greenish-yellow, whereas Chlorine is 
distinctly greenish-yellow in colour. Fluorine is slightly 
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heavier than air TD =» 19), where as Chlorine is two^nd’a-half 
times heavier than air. The solubility of Fluorine in water 
eannot be measured, because it decomposes water with the 
evolution of ozonised oxygen ; Chlorine, on the other hand, is 
fairly soluble in water, giving what is known as Chlorine* 
water. 

Fluorine has a very great affinity for Hydrogen and combines 
with it with explosion even in the dark and at low temperatures 
with the formation of HF which is stable i Chlorine combines 
with Hydrogen teadily in direct sun-light with explosion and 
in diffused light slowly, but not in the dark, with the formation 
of HCl which is less stable than HF. Fluorine decomposes 
water at ordinary temperature with the evolution of ozonised 
oxygen and formation of HF :— 2 H 2 O + 2 F 2 ~4HF + 02 ; 
3 H20 + 3F2 = 6HF + 0« j Chlorine decomposes water when its 
aqueous solution is kept exposed to sunlight with the formation 
of HCl and evolution of oxygen : 2 CI 2 + 2H2O = 4n0l + O 2 ; at 
0 ®0. Chlorine forms a crystalline hydrate. Cl 2 , IOH 2 O with water. 

Fluorine is the most active of the halogen elements and 
can displace from combination Chlorine, Bromine and Iodine ; 
Chlorine is loss active than Fluorine and can displace only 
Bromine and Iodine and from combination. Fluorine forms two 
oxides, F 2 O and F 2 O 2 by indirect combination with Oxygen, 
F 202 is unstable at ordinary temperatures ; Chlorine, on 
the other hand, forms several unstable oxides, CI 2 O, C10», 
CI 2 O 6 and CI 2 O 7 , by indirect combination with Oxygen. 
With 2% solution of caustic soda, Fluorine reacts giving 
fluorine monoxide and sodium fluoride ; with concentrated 
NaOH solution, Fluorine reacts, evolving oxygen and forming 
sodium fluoride ; Chlorine, on the other hand, yields sodium 
hypochlorite and sodium chloride with dilute and cold NaOH 
solution, whereas with hot and concentrated NaOH solution, 
it yields sodium chlorate and sodium chloride. 

2NaOH + 2 F 2 “ 2NaF + F^O + H 2 O 
4NaOH + 2 F 2 =4NaF + 2 H 2 O + O 2 
2NaOH + Cl 2 = NaCl + NaClO + H aO 
6NaOH + 3 CI 2 = NaClOs + 6NaCl + SHgO. 

Q. 5. Horn are the following substances prepared and what 
are their US3S :— 
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(a) Corrosive sublimate ; {b) bleaching powder ; (c) potassium 
chlorate ; (c2) blue vitriol : {e) red lead ? 

Ans. (a) Corrosive sublimate is mercuric chloride, HgCla. 
It is prepared by subliming a mixture of mercuric sulphate, 
common salt and a little manganese dioxide in a long-necked flat- 
bottomed flask heated on a sand-bath :— 

HgS 04 + 2NaCl = HgCl 2 + NaaSO*. 

The flask is broken after cooling and the cake of sublimate 
(which is HgCla) removed from the upper part. MnOa is 
added to prevent the formation of mercurous chloride from 
mercurous sulphate present usually in mercuric sulphate. 

Uses : Mercuric chloride is used in medicine as an antiseptic, 
and in dressing skins, furs, etc. 

(h) In modern works, bleaching powder is manufactured 
with the help of large rotating inclined iron cylinders which 
are cooled externally by water spray. Slaked lime is fed in at 
the top and electrolytic chlorine diluted with air is fed in at 
the bottom. The reaction is vigorous. The temperature is kept 
below 40®C. The bleaching powder formed is discharged at the 
bottom and packed in barrels. 

Ca(OH)a+Cl3 =Ca(0Cl)Cl + n20. 

Uses : Bleaching powder is used as an oxidising, bleaching 
and chlorinating agent, as a germicide and for water i)urifica- 
tion. 

(c) The most modern method for the preparation of potas¬ 
sium chlorate is by the electrolysis of an aqueous solution of 
potassium chloride at 80®—yO°C. without keeping the ctithode 
and the anode products separate. 

The apparatus consists of a lead-lined wooden vessel pro¬ 
vided with mechanical stirrers, in which a concentrated solution 
of KCl, containing a very small amount of HOI, is taken. The anode 
is made of an alloy of Platinum-iridium, while the cathode is of 
iron or graphite. A little quantity of K 2 Cr 207 is added to the 
solution in order to prevent the cathodic reduction of KClOs 
produced. Electric current is passed in, when KCl is decomposed. 
Potassium, liberated at the cathode^ reacts with water of the 
solution, giving KOH solution and evolving H 2 which is actually 
liberated at the cathode ; and 01 2 is liberated at the anodo. The 
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temperature of the solution rises-spontaneously which is main¬ 
tained at about 80®—90°0. Chlorine, liberated at the anode^ now 
reacts with hot and cone. KOH solution, giving KCIO., and KCL 
The solution is removed and on evaporation, KOIO 3 being less 
soluble than KCl, crystallises out. This is filtered off, dried, and 
recrystallised after being dissolved in the minimum quantity of 
hot water to get a pure product. 

KCl-K + Cl 
at the at the 
cathode anode 

2K + 2H 2 O — 2KOH + H 2 (at the cathode). 

Cl + Cl^Cla (at the anode). 

6 KOH + 3012= KClOa + OKCl + 3H 2 O. 

Uses : Potassium chlorate is used in the preparation of 
explosives and in pyrotechny, in the manufacture of matches, 
for the preparation of oxygen in the laboratory and as an oxidi¬ 
sing agent. It is also used in medicine. 

(d) Blue vitriol or copper 8u1x)hate pentahydrate, CuS 04 ^ 
5 H 2 O, can be obtained by heating metallic copper with cone. 
H 2 SO 4 , when 8 O 2 is evolved and copper sulphate remains in. 
solution. 

Cu + 2 H 3 SO 4 =CuS 04 + SOa + 2 H 2 O. 

After cooling, the solution is carefully decanted off and 
diluted and filtered. On crystallising the filtrate, blue crystals 
of CUSO 4 , filJaO are obtained. 

It is manufactured by roasting copper pyrites, CuaS, FeaSrt, 
at such a temperature that CuaS is converted into CUSO 4 and 
FeaSj, into FeaOs. After cooling, the roasted mass is extracted 
with water. The solution is taken off, filtered, concentrated and 
cooled, when crystals of blue vitriol^ CUSO 4 , 6 H 2 O, separate out. 

Uses : Blue vitriol is used in electroplating, electrotyping, 
and in some electric cells. It is used in dyeing industry. 
Because of its germicidal action it is used in medicine and in 
agriculture. A spray of a mixture of copper sulphate and milk 
of lime is used for killing moulds and fungi in vines and in 
wheat etc. Anhydrous copper sulphate (white) is used for 
detecting small amounts of water present in organic liquids. 

(e) Red lead —Pb 804 —It is prepared by roasting lead carbonate 
(or white lead) or lead monoxide in air for a long time at 400^C» 
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The beating should not be above 470° since it begins to deoom- 
pose at 470‘’C. 

6Pb0 + 0a5=i2Pb»04. 

Bed lead is used as a paint, in the manufacture of flint glass 
and of matches. 

Q. 6 . What is catalysis ? Describe one industrial process 
and one laboratory process^ based on the use of a catalysti for the 
preparation of important chemical substances. 

Ans. When a substance, by its mere presence, can either 
accelerate or retard a chemical action, without itself undergoing 
any change in mass or chemical composition, and a small amount 
of which can bring about the chemical change in an indefinite 
amount of the reacting substances, it is said to be a catalytic 
agent or a catalyst and the process is called catalysis. Thus, in , 
the conversion of 80« to SOa by excess of oxygen, platinum 
in finely divided state is used. In absence of finely divided 
platinum, the rate of combination of SOa with O 3 is very slow, 
but at 450^0. in presence of platinised asbestos, the reaction 
takes place rapidly. At the end the platinum catalyst remains 
the same in mass and properties. 

For application of a catalyst in one industrial process we 
describe Haber’s process of the production of synthetic ammonia 
by the use of finely divided iron as catalyst with molybdenum as 
promoter. 

Carefully purified nitrogen and hydrogen are mixed in the 
proportion of 1 i 3 by volume. The mixture is then compressed 
to 200 atmospheres and is circulated over a catalyst like iron 
with molybdenum as promoter heated electrically to a tendpera.- 
ture of 550®G.—700°C. Under these conditions nitrogen and 
hydrogen combine to a certain degree giving ammonia which is' 
removed either by liquefaction or by absorption in water. 

N2 + 3H2 = 2NHn. 

The remaining nitrogen and hydrogen are recirculated 
through the system by being pumped back therein and further 
combination is thereby carried out. 

For application of a catalyst in laboratory process, we can 
mention the use of MnOa as catalyst in the preparation of 
oxygen from potassium chlorate. 

13 
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A quantity of potassium chlorate is mixed with Jth of its 
weight of manganese dioxide and the mixture is placed in a hard 
glass test tube fitted with a cork and a delivery tube passing 
through the cork. The' hard glass test tube is gently heated 
when oxygen is evolved. If any spark be seen inside the hard 
glass test tube, the fiame is removed and oxygon comes out in 
torrents. When the evolution of oxygen is slackened, heating 
is resorted to. 

2KClOa + [MnOa] = 2 K 01 + + [MnOal. 

^ Q. 7 . Name the important minerals in which aluminium 
■occurs. Describe the extraction of the metal and state its uses. 

Explain, giving equations, the action of {a) caustic soda solu¬ 
tion, (h) dilute hydrochloric acid and {c) copper sulphate solution 
on the metal, 

Ans. Important minerals containing aluminium are : 

( 1 ) Gibhsite, AI2O3. 3H2O 
Diaspore, AlgO;,, H2O 

• Bauxite, Al^Os, 2H2O (only ore from which A 1 is 

extracted). 

(2) Potash-felspar or orthoclase, K^O, AI2O3, 6Si02, which 
gives rise to Kaolin, AI2O3, 28102 , 2H3O by weathering. 

(3) Cryolite AIF3, 3 NaF. 

(4) Alunite, K2SO4, Al2(804)3, 2AI2O3, 6H2O. 

* . ( 6 ) Spienel, MgO, AI2O3. 

( 6 ) Chysoberyl, BeO, AI2O3. 

Metallic aluminium is exclusively extracted from bauxite, 
but since this mineral is contaminated with iron oxide and 
silica it is first to be purified before it can be utilised for the- 
manufacture of pure aluminium. 

The purification is carried out, in case of red bauxite con¬ 
taining‘much iron and less silica, by Bayer's process. Bauxite 
is first calcined to remove organic matter and then digested with 
caustic soda solution under pressure and at a temperature of 
150 ® 0 . Aluminium oxide present in bauxite goes into solution 
as sodium aluminate and oxide of iron is left behind. The solution 
of sodium aluminate (containing a little sodium silicate) is 
separated from precipitated iron oxide and is then agitated with 
some precipitated alumina from previous operation. 
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This operation precipitates nearly all the aluminium present 
in solution as a sandy precipitate of Al( 0 H) 3 . This precipitate 
is filtered, washed, dried and calcined to yield nearly pure 
alumina ; 

AI 2 O 3 + 2NaOH = 2 NaA 103 + HaO, 

NaAlOa +2H20«A1(0H)3 +NaOH, 

2A1(0H)3 = AlaOs + 3 H 2 O. 

The alumina so obtained is then dissolved in fused cryolite 
^aken in an iron box lined with block of gas-carbon which 
is made the cathode. The anodes are carbon rods set 
in a row inside the bath and placed about 2 to 3 inches above 
iihe bottom of the iron box. The box is provided with an outlet 



Fig. 40 

pipe at the bottom to take out molten aluminium from time to 
time. The temperature of the electrolyte is over 900®C- A 
little fluorspar is added to increase the fluidity of the bath. 
The molten bath is covered with powdered anthracite in order 
to prevent the dazzling glow of the bath from reaching the eye. 
When electric current is passedi alumina undergoes decomposi¬ 
tion. Aluminium, liberated at the cathode, sinks in the liquid, 
state to the bottom and forms a pool beneath the anodes. It 
is taken out from time to time by means of the tap-hole. 
The oxygen, liberated at the anodes, attacks the carbon of the 
anodes producing CO and GO 2 in about equal volumes, which 
•are evolved away. The resistance of the electrolyte gives 
sufficient heat to maintain the temperature at 900°G. and to 
keep the mass in the fused condition. Fresh AI 2 O 3 is added 
from time to time and the process is continuous.* When AI 2 O 3 
is used up, the resistance of the bath increases and then a lamp, 
which is shunted ofif the circuit, brightens. The workmen then 
{understand that fresh A1 203 is to be added. 
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2 AI 2 O 3 ®=4A1 + 6 O 2 
2 C + O 2 = 2GO 
C + Oa^COa. 

The metal obtained is 99% pure. 

Uses of aluminium* —Por the extreme lightness of the metaK 
it is largely used for making air-ships and engine-parts. It is 
also used in the manufacture of utensils, surgical instruments, 
electric wires and cables (used in U.S.A.). It is used as a redu¬ 
cing agent in the production of Cr, Si, Mn, etc., by Goldschmidt’s 
thermit process, in the manufacture of steel, for making light 
alloys like magnalium, duralumin, aluminium bronze, etc. It is- 
also added to molten steel during casting in order to prevent 
formation of blowholes. Al-powder is used as a paint for pre¬ 
serving iron articles against rusting as also in fire-works. 

(a) A hot solution of caustic soda dissolves aluminium 
rapidly, forming sodium aluminate and evolving hydrogen gas. 

■ ‘ 2Al + 2Na0H + 2H20«2NaA102 + 3H2. 

(h) Dilute hydrochloric acid dissolves aluminium in the 
cold producing aluminium chloride in solution and evolving 
hydrogen gas. 

2 A 1 + 6 HC 1 = 2A101«+ 311 2 . 

(c) Copper is displaced from copper sulphate solution and 
is deposited as metallic copper and aluminium passes into solu¬ 
tion as aluminium sulphate. 

2A1 + 3 CUSO 4 = Al 2 (S 04)3 + 3Cu. 

Q. 8. Give reas&ns why 

(a) dilute sulphuric acid and not nitric acid is used for the: 
■preparation of hydrogen using metallic zinc* 

• {h) hydrochloric acid and not sulphuric acid is used to generate 
carbon dioxide from limestone. 

(c) sulphuric acid and not nitric acid is used to prepare 
hydrochloric acid from sodium chloride. 

id) lime and not calcium chloride or sulphuric acid is used 
to dry ammonia gas* 

(e) dilute sulphuric acid and not nitric acid is used in Kipp's 
apparatus for the generation of sulphuretted hydrogen from ferrous 
sulphide* 
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(/) a solution of sodium hydroxide and not of ammonium 
hydroxide is used to precipitate mercuric oxide from a solution of 
mercuric chloride ? 

Ans. (a) By the action of dilute nitric acid on zinc, hydro- 
f^en may be liberated at first, but it is oxidised as soon as libera¬ 
ted to water by nitric acid which is reduced to nitrous oxide or 
to ammonia depending on its concentration. 

( 1 ) 4Zn + lOHNOs = 4 Zn(N 03)2 + NaO + SHaO 

(2) 4Zn + 10HNO3=4Zn(NO8)2+NH4NO3+3Hj.O. 

In the case of dilute sulphuric acid, no such reduction of the 
•acid can take place and hydrogen is obtained in regular supply. 

{b) Hydrochloric acid generates CO^ from limestone, CaCOa, 
.and gives rise to OaClg which is extremely soluble in water. 
Thus, the fresh surface of limestone always comes in contact 
with tho acid and the generation of CO 2 continues unhampered. 
But when sulphuric acid is used, at first CO 2 is evolved‘and 
CaS 04 is formed. This CaS 04 is sparingly soluble in water and 
forms a coating on the surface of limestone. Hence the fresh 
surface of OaCOs is prevented from coming in contact with 
the acid and so tho reaction stops. Hence, in generating CO 2 
from limestone, hydrochloric acid is preferred to sulphuric acid. 

CaCOa + 2 HC 1 -CaCla (soluble) + CO 2 +H 2 O. 

CaCOa+ 11.2804 ==CaSOi. (sparingly soluble)+ GO 2 + H 2 O. 

fc) (i) HNO 3 being more volatile than H 2 SO 4 , there is 
every chance of it passing with the vapours of HCl into the 
receiver. 

(n) As soon as HNO3 comes in contact with HCl which is 
evolved during the reaction, it oxidises IlCl with the formation 
of chlorine which is evolved as a greenish yellow gas. HNOa + 
3nCl=N0Gl + Cl 2 + 2 H 20 . 80 HNO3 is not used in the 

preparation of HCl from NaCl. 

(d) Quicklime, CaO, is a basic substance, just like ammonia. 
Bo ammonia does not react with lime, only the moisture present 
in ammonia is taken up by quicklime with the production of 
slaked lime. 

Ca0 + H20 = Ca(0H)2. 

But ammonia is absorbed by fused calcium chloride with the 
production of CaClg. 8 NH 3 . 

CaCl2+8NH3-CaCl2, 8NH3. 
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Also ammoDia, a base, reacts with sulphuric acid (cozic.)> an 
acid, with the production of the salt ammonium sulphate and' 
hence no ammonia will be left over. 

H2SO4 + 2NH3 -(NHjgSO^. 

80 the gas will be absorbed both by CaClc and by cone, H2SO4. 

(e) Nitric acid is not used in Kipp’s apparatus for 
generating sulphuretted hydrogen from ferrous sulphide for the* 
following reasons :— 

(«) Nitric acid is a volatile acid and so when H2S is evolved, 
it sweeps out a little quantity of nitric acid vapour along with 
it and thus H2S will he contaminated with nitric acid vapour. 

(w) Nitric acid will bring about oxidation of H2S evolved 
with separation of S and this S in its turn will bo oxidised by 
nitric acid to SO2. Nitric acid itself will be reduced to NO2 
and this NO2 will get mixed up with any TI2S which may escape- 
oxidation. Moreover, ferrous sulphide also is oxidised to a certain 
extent to ferrous sulphate. ThuSi much nitric acid is wasted. 

Primary reaction is PeS + SHNOs — Pe(N03)2 + H2S, 

Then the secondary reactions set in. 

H aS + 2HNO3 = 2 H 2O + 2NO3 + S. 

Also, 

FeS + 4HNO3 “ PeS04 + 2H2O + 2 NO + 2NO2. 

(m) Sulphuric acid is preferred to nitric acid from the view¬ 
point of cost, sulphuric acid, being less costly, is used in this case^ 

{f) By the action of sodium hydroxide solution on a solution 
hf mercuric chloride, yellow oxide of mercury, IlgO, is precipi¬ 
tated. 

IlgCla + 2NaOH - HgO + H2O + 2NaCl. 

(Here it is to bo noted that no hydroxide of murcury is known.) 

But by adding ammonium hydroxide to a solution of 
mercuric chloride, a white precipitate of amido-mercuric 
chloride, NHaHgCl, known as hifimhle white precipitate, is. 
obtained instead of yellow oxide of murcury. 

HgCl2 + NH4OH “ NHaHgOl + HCl + H2O. 

So ammonium hydroxide is never used for getting mercuric 
oxide from a solution of mercuric chloride. 
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Q. 1. O'0321 gram of an impure sample of aluminium gave 
on treatment with dilute hydrochloric acid 39'3 c.c, of moist 
hydrogen measured at 13^0, and 7G1 m.m, pressure. The 
'imjmrity in the sample was alumma* Calculate the percentage 
of xmrity of the metal. 

[At. wt. of Al = 27, Aq. Tension at 13®C“11 mmj 

Ans. The pressure of dry hydrofjen (761-11) mm. = 760 
mm. 

Let V c.c. be the volume of dry hydrogen at N.T.P. 

Then by Boyle's and Charles’ Laws, we have 
39*3x760^7x760 
273 +13 *“ 273 
39*3 X 7 50 X 2^ 

286x760 

= 37*02 c. c. 

Now, from the equation 

2A1 + 6HC1 = 2A1C13 + 3H2 
2 X 27 3x2 

we know that 3x2 grams of hydrogen can be obtained by the 
use of 2x27 grams of aluminium. Since molecular weight of 
any gas expressed in grams occupies 22*4 litres at N.T.P. 
therefore 3 x 22*4 litres of hydrogen at N.T.P., can be obtained 
by the use of 2 x 27 grams of aluminium. 

Hence in order to obtain 37*02 c. c. of hydrogen at N.T.P. 
the amount of aluminium required 

^ 2 X 27 _x 37*02 
“3x22'4'x1000®^‘“‘ 

= 0*02975 gram. 

Therefore 0*0321 gm. of impure sample of aluminium con¬ 
tained 0*02975 gm. of pure aluminium. 
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pure aluminium present in the sample 
0*02976 

= 0*0321 92*68%. 

Q. 2. Mention at leant one reaction in each of the following' 
cases to show that nitric acid, sulphuric acid, chlorine and 
hydrogen peroxide are all oxidising agents. 

Explain carefully the tests, to shotu that oxidation has actually 
occurred in the cases ycm mention, 

Ans. Nitric acid as an oxidising agent :— 

Concentrated hydrochloric acid is mixed with concentrated 
nitric acid . in the proportion of 3 : 1 by volume and the mixture 
heated. Chlorine gas is evolved, which is recognised by its 
greenish-yellow colour, smell like that of bleaching powder and 
its powOr to turn starch-iodide paper blue. 

3HC1 + HNOs = NOCl + Cla + 2H2O. 

Hence hydrochloric acid is oxidised to chlorine by removal 
of, hydrogen and nitric acid is reduced to nitrosyl chloride. 
Nitric acid, therefore, has oxidised hydrochloric acid to chlorine. 

• Sulphuric acid as an oxidising agent:— 

Solid x^otaasium bromide is heated with concentrated 
sulphuric acid when bromine vapour is evolved, recognised by its 
brown colour, peculiar smell and its capability to turn starch- 
iodide pax>er blue, 

2KBr + 3H2SO4 “ 2KHSO4 + Bra + SO2 + 2H2O. 

Bromine is an oxidation product of potassium bromide, as it 
is produced from potassium bromide by the removal of electro¬ 
positive element potassium. Also at the same time sulphuric 
acid is reduced to sulphur dioxide. 

Hence sulphuric acid has oxidised potassium bromide to 
bromine. 

Chlorine as an oxidising agent ;— 

Thin leaves or foils of copper for Dutch metal) are introduced 
into a jar of chlorine. The leaves burn spontaneously in the gas 
and green deposit is-obtained in the gas-jar. It is of cupric 
chloride. 


Cu + Cla^CuCla. 
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That it is cupric chloride is proved dissolving the green 
'deposit in water and adding silver nitrate solution to it. A 
•eurdy white precipitate is formed, insoluble in HNO3 but soluble 
in NH4OH. Hence an electro-negative element chlorine is 
' added to copper and therefore oxidation of copper has taken 
place with the help of chlorine. 

Therefore, chlorine must have oxidised copper to cuprio 
'Chloride. 

Hydrogen peroxide as an oxidising agent;— 

When dilute sulphuric acid is added to potassium iodide 
solution, no iodine is liberated ; but this acidified solution of 
potassium iodide, when treated with a solution of hydrogen 
peroxide, liberates iodine which is proved by the fact that it 
turns starch solution blue. 

2KI + H 2 S 04 + Ho02 = K 2 S 04 + 2H20 + l2. 

Iodine is an oxidation product of potassium iodide, since an 
•electro-positive element potassium is removed from potassium 
iodide. Hydrogen peroxide is reduced to water. 

Thus hydrogen peroxide oxidises potassium iodide to iodine. ‘ 

Q. 3. Compare and contrast the flames produced by hurniny 
marsh qas alone and also mixed with air. Explain the reactions 
4rhat take place in the different zojies of the flame. 

What happens when methane mixed with chlorine is (a) exposed 
to diffused day-light and (b) ignited ? Give equations to illustrate 
your answer. 

Ans. When marsh gas is burnt alone in air in a jet as in a 
Bunsen burner, with its air-hole closed, it burns with a lumi¬ 
nous flame* 

The flame usually consists of 4 zones : 

( 1 ) The zone of no combustion. —Here very little chemical 
change occurs and unburnt gas is present here. It is dark in 
colour. 

( 2 ) There is a small region at the base of the flame which 
appears bright blue in colour and is non-luminous. 

Here some carbon monoxide produced by insufficient oxida¬ 
tion undergoes combustion. 

( 3 ) Above the zone of no combustion we have the luminous 
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middh zone of incomplete ccmhmUo7U Here the gas is partially 
oxidised to carbon monoxide and partial combustion of carbon 
monoxide and hydrogen takes place here, with separation of. 
carbon particles. The luminosity of this zone is due to the- 
incandescence of these solid particles of G. 

(4) Then comes the faintly luminous outermost zone. It 
surrounds the entire flame and may be termed the zone of 
complete combustion. 

Since the supply of oxygen here is quite suflicient, carbon 
monoxide, hydrogen, solid particles of 0. etc., escaping combus- 
tion in the luminous zone, are fully oxidised. The final products 
are carbon dioxide and steam. 

When marsh gas is mixed with air and is set fire to for 
making it burn, it explodes. 

But when it is burnt in a jet, as in a Bunsen burner with 
the air-hole gradually opened, the gas, coming out of the jet, and 
passing unburnt up the tube, sucks in air through the air-hole 
and burns at the mouth of tho burner tube. The flame becomes 
non-luminous and shorter in size. It now consists practically of 
two zones only : —(1) the inner blue zone, the region of unburnt 
gas and (2) the outer non-luminous zone of complete combustion. 

Tf the air-hole bo completely opened, the flame roars and then 
it sinks and travels downwards and the marsh gas begins to 
burn at the jet. Then the flame is said to strike hack. Acetylene 
is produced in large quantities and the burner tube becomes 
very hot under these conditions. 

(a) When methane is mixed with chlorine and exi)0scd to- 
diffused daylight, substitution of hydrogen by chlorinp takes 
place atom by atom and hydrogen chloride is generated. 
Different substitution products are obtained, depending upon the 
quantity of chlorine and time of exposure :— 

0Hi+01.»CH,GH-HCI 
Methyl chloride 
CHsCl-hCla ^CHgCla -fHCl 
Methylene chloride 
CH 2CI a + Cl 2 = CHCl 3 + HCl 

Chloroform 

CHCla+Cla^CCU + HCl 
Carbon tetrachloride 
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ffl When the mixture of methane and chlorine is ignited,, 
it explodes with the formation of hydrogen chloride and separa¬ 
tion of carbon in the form of soot. 

CH^ + 2Cl2=C + 4HCl. 

Q. 4, Bottles A, B, C, P, E, are knoton to contain^ 
potassium iodide^ magnesium nitrate^ ammonium sulphate,, 
potassium chloride and calcium hydroxide. How ivtll you find 
which is which ? 

Ans. A little of each of these substances is taken on a' 
clean Pt-wire previously rinsed with cone. HCl, then dipped in 
cone. HCl and heated in the non-luminous flame of the Bunsen 
burner by holding the Pt-wire at the base of the flame and- 
then gradually raising it up. 

That substance which imparts a transient brick-red colora¬ 
tion to the flame is the calcium compound and it is calcium*' 
hydroxide, seeing that there is no other calcium compound 
present. It is further confirmed by acidifying a clear solution- 
of the substance with acetic acid and then adding ammonium' 
oxalate solution when a white precipitate of calcium oxalate,, 
insoluble in acetic acid, is obtained. Moreover, the solution 
turns red litmus blue, proving that it is alkaline. 

Next, it is found that two of the remaining substances- 
impart a pale violet colour to the flame, which appears red when 
viewed through double blue glass. These two are potassium 
compounds. To know which is which, a pinch of eacJi is* 
mixed with MnOa and cone. H 2SO4 and heated. That which 
evolves violet vapours of iodine is potassium iodide since there* 
is no other iodide in the list and jiotassium has been identified 
by flame test before. To further confirm it, a little of this 
substance is dissolved in water and silver nitrate solution is 
added to it. A distinctly yellow i)pt. insoluble in HNO3 as well 
as in NXr^OH is obtained. This put, is of silver Iodide, Agf. 

Next, the substance from which greenish yellow chlorine gas, 
recognised by its colour and smell, and by its action on starch- 
iodide paper (which turns blue by its action), is evolved by the 
above treatment, is potassium chloride since there is no other 
chloride in the list and the presence of potassiunef has been con¬ 
firmed by flame test before. To further confirm it to bo a- 
chloride, a little of this substance is dissolved in water and; 
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..silver nitrate solution is added to it. A curdy white precipitate, 
insoluble in HNOs but soluble in dilute NH 4 OH, is obtained. 
The precipitate is of silver chloride, AgOl. 

Of the remaining two, a little of each is taken in a test tube 
and caustic soda solution is added to it and heated. That which 
gives smell of ammonia is ammonium sulphate, seeing that no 
other ammonium compound is present in the list. To further 
confirm it, a little of the substance is added to Nessler’s solution ; 
either a brown coloration or a brown ppt. depending upon the 
amount of ammonium salt added, is obtained. Further, when 
barium chloride solution is added to a solution of this substance, 
a white precipitate, insoluble in HCl, is obtained, proving the 
presence of a sulphate. 

The remaining substance must be magnesium nitrate. To 
confirm it, a little of the substance is dissolved in water in a test 
tube and to the solution so obtained a freshly prepared ferrous 
sulphate solution is added and then by holding the test tube in 
a slanting position under a running tap, cone. H 28 O 4 is poured 
down the test tube. A brown ring is found to be developed at 
the junction of the two liquids. To another portion of the 
solution of this substance, ammonium chloridei ammonia, and 
disodium hydrogen phosphate are added and the mixture is well 
shaken when a crystalline white precipitate of magnesium 
ammonium phosphate is obtained, proving the presence of mag¬ 
nesium. 

Q. 6. Write explanatory notes on the reactions that take 
place when :— 

(a) sodium is placed into an aqueous solution of caustic 
soda, 

(b) iron is dipped into concentrated and dilute nitric acid 
■' separately, 

■ ( 0 ) . zinc dust is sprinkled into a solution of copper sulphate, 

id) aluminium is dipped into mercuric chloride. 

Give equations wherev&r you can, 

Aus. (a) Here sodium reacts with water present in caustic 
soda solution producing sodium hydroxide and evolving hydrogen 
:gas. 


2Na - 1 - 2H 2 0 = 2NaOH + H ,. 
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So ultimately the concentration of caustic soda solution' 
increases. 

(b) When iron is dipped into very concentrated nitric acid,, 
it is rendered passive i,e,, it loses the property of dissolving 
in dilute acid and its capability of displacing copper from copper 
sulphate solution. 

But with ordinary concentrated nitric acid, iron reacts,, 
forming ferric nitrate and giving chiefly nitrogen peroxide. 

Fe + 6 HNO 3 “Fe^NOJa + + 3NOa. 

With dilute nitric acid iron reacts, forming ferrous nitrate 
and ammonium nitrate. 

4Fe + IOHNO3 = 4 Fe(NOa )2 + SHgO + NH4NO3. 

(c) Here displacement reaction takes place. Zinc displaces 
copper from copper sulphate solution and this copper is i)recipi- 
tated whereas an equivalent amount of zinc passes into solution* 
as zinc sulplate. 

Zn + CuSO* = ZnS 04 . + Gu. 

(d) If a piece of aluminium be dipped into solid mercuric 
chloride and the adhering HgCl 2 be rubbed, a deposit of Hg on 
aluminium surface occurs, the surface becomes very hot and 
ultimately excrescences of AI 2 O 3 appear on the surface due to 
oxidation of Ahamalgam. 

But when aluminium is dipped into mercuric chloride solu¬ 
tion, displacement of mercury takes place which forms alumi¬ 
nium amalgam and an equivalent quantity of aluminium passes 
into solution as aluminium chloride, AIOI3. 

2A1 + SHgCla = 3Hg + 2 AICI 3 . 

Al amalgam is also called aluminium-mercury couple and it 
has the capacity of decomposing water in the cold evolving, 
hydrogen. 

Q. 6 . How is pure copper isolated from copper pyrites f 
Describe the method in detail^ makinrj it clear how other metals 
are removed from the ore in course of the process, Bepresent the 
reactions involved by equations. 

How are cuprous chloride and cupric oxide prepared 1 State 
their uses. 

Ans. Pure copper from copper pyrites CU 2 S, Fe 2 S 3 , i 3 ob- 
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tained by a thermal process, the copper produced being subse¬ 
quently purified by electrolysis. 

At first the ore is concentrated either by gravity separation 
•or by Floatation process. For operating the latter method, the 
ore is first crushed and finely powdered. The powdered ore is 
next churned with water containing a little pine oil and lime, 
by blowing air through it. By this operation a froth is produced, 
which carries up along with it the particles of copper ore, 
leaving sand and other impurities at the bottom of the vessel. 
The froth is collected by skimming and allowed to settle. 

The concentrated ore is next roasted in a multiple hearth 
furnace, whereby excess of sulphur present is burnt out to SOg 
and the metals, viz,^ Fe present in pyrites and copper are 
.partially oxidised. 

SOuFoSa + 4O2 = CU2S + 2FeO + 3 SOa 
2 CuaS + 30 a - 2 CuaO + 2SO2. 

The second reaction occurs only to a very small extent. 
The roasted ore is next mixed with coke, sand ( or slag from 
subsequent operations) and a little quantity of lime and the 
mixture heated in a water-jacketed blast furnace when a little 
^quantity of CugO formed in the previous operation of roasting 
reacts with iron sulphide giving CuyS and FeO. 

CuaO + FeS - CuaS + FeO. 

The ferrous oxide so formed and also produced in the previ¬ 
ous operation, reacts with sand or silica, giving a slag of ferrous 
silicate, FeO + SiOa = FeSiO». The slag is removed and the 
residue obtained in the molten state is a mixture of cuprous and 
ferrous sulphides and goes by the name of cojyper matte. The molten 
matte is then directly run into a Bessemer Converter with a 
little sand and a blast of air is introduced through tuyeres placed 
at the sides a little above the bottom level. Iron is first oxidised 
to FeO which combines with silica forming a slag of ferrous 
silicate as before. Most of the iron present in the ore is thus 
removed. The slag is removed from the top and the blast conti¬ 
nued. OU2S is then partially oxidised to CuaO and when about 
two-thirds of CugS is thus oxidised, the remaining CugS reacts 
-with OuaO to form metallic copper and sulphur dioxide. 

2CU3S + 3O2 = 2CU2O -b 2SO2 
CuaS + 20ua0 60u + SOa- 
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The slag is removed, the blast stopped and the converter 
tilted to pour off copper. This copper has a blistered appear- 
-ance due to escape of SO2 and is known as "blister copper," 

Blistered copper is then melted on the hearth of a reverbe¬ 
ratory furance in a current of air when the metallic and non- 
metallic impurities like Fe, Pb, Bi, S, As, etc. arc oxidised. Some 
of the oxides escape as gas, others form a slag with silica lining of 
the furnace (known as refinery slag). The slag is removed. A small 
amount of cuprous oxide is also formed, which remains dis- 
-solved in the copper. In order to remove that cuprous oxide, 
powdered anthracite coal is sprinkled on the surface of the 
molten mass and the mass of copper is stirred with a pole of 
green wood thurst into the molted metal. Torrents of reducing 
hydrocarbon gases bubble up through the metal and cuproua 
oxide is reduced thereby. When the copper attains the requisite 
tough pitch, as judged from the appearance of the fractured surface, 
it is poured out of the furnace. Here also base metals like Fe, 
Bi, Pb, etc. are removed. But the precious noble metals like 
gold and platinum present in the copper pyrites are not removed 
here. These are collected as anode-mud during the electrolytic 
refining of copper, by which 99*96% pure copper is obtained. 

Thick blocks of impure copper are made the anodes in a 
hath of copper sulphate solution, acidified with 16% of sulphuric 
acid, taken in a vessel. Thin sheets of pure copper aro made 
the cathodes, anodes and cathodes being alternately suspended in 
the bath from two rods connected to the positive and negative 
poles of a battery respectively. Copper dissolves at the anode 
as cupric ions, which travel to the cathode. These cupric ions 
give up their charges at the cathode and are deposited there as 
pure copper. Base metals like iron, arsenic, zinc etc. i>ass into 
solution and precious metals along wiih lead collect round the 
anode as anode slimes. 

Cuprous chloride, CuCl. 

Cupric oxide, CuO, is taken in a small flask and treated with 
•excess of concentrated HOI. The solution id then boiled 
■with copper turnings. When the reaction is over, the liquid 
is poured into a large volume of water. A white precipitate of 
cuprous chloride is obtained. It is filtered and dried. 
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CuO + 2 HC 1 - CuCl a + H 2 O 

CuCl2+H«0uCl + HCl I Cu + CuCla'=2CuCl. 

Cuprous chloride is a "white crystalline solid. It is insoluble^ 
in water and in dil. HGl. But it dissolves in cone. HOI and 
in NH 4 OH giving a colourless solution. But the HCl-solution 
rapidly turns green and the ammoniacal solution blue on 
exposure to air, due to oxidation. 

4CuCl + 4HC1 + O 2 - 4 CuGl 2 + 2HaO. 

The ammoniacal solution of cuprous chloride readily absorbs, 
oxygen, carbon monoxide and acetylene. With acetylene a red 
precipitate of cuprous acetylide, OuaCa, H 2 O is formed. When 
heated it first melts and then volatilises away as such. 

Ammoniacal solution of cuprous chloride is used in gas. 
analysis for removal by absorption of carbon monoxide, or 
oxygen or acetylene from a gas mixture. 

Cupric oxidCi CuO, 

Cupric oxide is prepared by heating cupric nitrate strongly 
in air. Black powdery cupric oxide is obtained by this means. 

2 Cu(N 03)3 = 2CuO + 4 NO 2 + O 2 . 

Tides of CuO : (l) in analysis, both qualitative and quan¬ 

titative, of organic compounds ; 

( 2 ) in glass manufacture, for imparting blue colour to- 
glass. 

Q. 7. What are the proceases f&r the manufacture of sodium 
carbonate ? Describe aiiy one process and indicate the relative 
merits of the different processes, 

Ans. There are three processes now in vogue :— 

(i) Leblanc’s process, in) Solvay or Ammonia soda process 
and (iii) Electrolytic or Hargreaves*Bird process. 

Ammonia-soda process or Solvay's process is now mostly 
employed for the manufacture of sodium carbonate. This process 
is based upon the reaction between hydrogen ammonium carbo¬ 
nate (produced by the action of carbon dioxide on ammonia 
solution) and a strong solution of sodium chloride according ta 
the equation 

NH 4 HGO 3 +NaGl«NH 4 Gl + NaHG 03 . 
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The bicarbonate of sodium so produced is precipitated out, 
collected, and then calcined to yield sodium carbonate ; 

SNaHCOa »=Na2008 +H 2 O + CO 2 . 

The actual operation is carried out as follows :— 

Brine directly obtained from salt-beds by pumping in 
water into the salt-beds and then pumping out the sodium 
chloride solution so produced, is saturated with ammonia gad 
in towers and the ammoniated brine is cooled> Next in 
carbonating towers, this ammoniated brine is treated with 
carbon dioxide gas obtained from lime-kilns where quick¬ 
lime is produced from limestone by heating :— 

CaC08=Ca0 + C02. 

Carbon dioxide is passed up the tower under moderate 
pressure, down which the ammoniated brine trickles through 
perforated baiflo plates- 

Carbon dioxide reacts with ammonia first, giving rise to 
ammonium bicarbonate : 

CO2 +NH3 +H2O-NH4HCO3- 

The bicarbonate of ammonium then reacts with sodium 
chloride forming sodium bicarbonate and ammonium chloride 
by double decomposition : 

NH 4 HCO 3 +NaCl = NaHC08 +NH 4 CI. 

This sodium bicarbonate being sparingly soluble separates out 
in the solid state* leaving more soluble ammonium chloride in 
solution. The above reaction takes xdace most efficiently between 
30®-40 C., and hence there is cooling arrangement in the 
carbonating tower. Sodium bicarbonate, which has separated 
out near the perforations in the baiflo plates is collected and 
calcined in iron pans to get sodium carbonate. 

2 NaHCOs ^NagCOs +H3O + OO2, 

In this operation CO 2 is produced which is utilised in 
carbonating towers. Ammonia is recovered from ammonium 
chloride solution by heating with quicklime produced in lime 
kilns and is used in ammoniating the brine. * 

2NH4Cl + Ca0*®0aCl2 + 2NH3 +H 2 O, 

So the process is self sufficient. 

14 
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Only there is an working loss of about 2% of ammonia and 
this is to be replaced from time to time. 

In the Leblanc process HOI is obtained as a by-product 
from the absorption towers and is supplied to the market as 
commercial HCl. Sulphur is recovered from the waste CaS, 
obtained from lixiviating tanks, known as Alkan-maker*s waste. 
Na^SO*, obtained in the first operation by heating NaOl with 
cone. H 2 SO 4 , and known as salt-cake, is used in the manufacture 
.of glass. On account of the commercial utilisation of these by¬ 
products Leblanc process, though costly in comparison with the 
•other* methods, still holds its own. 

Solvay’s process or Ammonia soda process is cheaper than 
Leblanc process since sodium chloride is used as brine directly 
from salt-bed and limestone used to get CO 2 and lime is 
obtained very cheap. Also NH 3 and GOg are obtained as by¬ 
products and are used over and over again. The product 
^obtained is pure and the intermediate product, sodium 
bicarbonate, finds direct application in medicine and in other 
directions. The operation of the process is free from evolution 
'of any obnoxious vapours. 

‘ The electrolytic or Hargreavos-Bird process is the cheapest 
of the three processes, specially where electricity is obtained 
from water-power. The product sodium carbonate is very pure. 
Chlorine and hydrogen are obtained as very important by-pro- 
d.ucts, since chemically pure HGl is prepared now exclusively 
by burning these two gases in a special burner. 


1947 

FIBST FAFEB 

Q. 1. Enunciate Avogadro s hypothesis and show how it leads 
to a clear interpretation of Gay-Lussac*s law of gaseous volumes. 

’’ Hoiv would you prove that a molecule of hydrogen consists of 
two atoms and that the density of any gas is half its molecular 
weight 9 

Ans. Avogadro’s Hypothesis ;r-tEqual volmes of all gases and 
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Tapours whether elementary or compound, contain identical 
number of molecules under the same conditions of temperature 
and pressure. 

Gay-Lussac experimentally established that when gases 
combine among themselves, they do so in simple numerical pro¬ 
portion by volume and the volumes of the reacting gases bear 
a simple relation to the volume of the resulting product, if that 
be gaseous, the volumes being all measured under the same con¬ 
ditions of temperature and pressure. Thus it is found by Gay- 
Lussac that 1 volume of hydrogen combines with 1 volume of 
chlorine and forms two volumes of hydrochloric acid gas. • By 
the application of Avogadro’s Law, if n be the number of 
molecules present in each volume, we see that n molecules of 
hydrogen combine with n molecules of chlorine to form 2n 
molecules of hydrochloric acid gas. That is, 1 molecule, of 
hydrogen combines with 1 molecule of chlorine, giving rise to 
2 molecules of hydrochloric acid gas. But every molecule of 
hydrogen chloride must contain at least one hydrogen and one 
chlorine atom. Therfore 2 molecules of hydrogen chloride must 
contain 2 atoms of hydrogen and 2 atoms of chlorine. These 2 
atoms of hydrogen must have come from 1 molecule of hydrogen 
and 2 atoms of chlorine have come from 1 molecule of chlorine. 
xA.vogadro pointed out the difference between the atoms and mole¬ 
cules by saying that the free particles of any kind of matter, elemen¬ 
tary or compound, which exist in the free stale retaining all the 
properties of that kind of matter are the molecules of that kind 
of matter, whereas atoms arc the smallest particles of elemen¬ 
tary matter, which can take part in chemicfil reaction. With 
this difference borne in mind, we can easily see that Gay- 
Lussac’s law of gaseous volumes finds a ready explanation from 
Avogadro’s law. All that is necessary is to suppose that 
hydrogen and chlorine molecules are formed by the union of 
two atoms of hydrogen and of chlorine respectively. 

That a molecule of hydrogen consists at hast of two atoms 
of hydrogen is proved from the experimentally determined 
volume relationship existing between the volumes of hydrogen, 
chlorine and hydrogen chloride as shown before., 

Now, hydrogen present in the molecule of hydrochloric aqid 
gas can be replaced by a metal like sodium in one instalment 
only, giving a normal salt; and in no case, in more, than. oiM^ 
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instalment. So we are led to believe that a molecule of hydrogen 
chloride contains 1 atom of hydrogen. Hence it follows from 
what has been stated before that 1 molecule of hydrogen con¬ 
sists of two atoms. 

(3) Molecular weight of any gas is twice its density (referred 
to Hydrogen), 


The density of any gas- with respect to Hydrogen is the ratio 
of the weight of a certain volume of that gas to the weight of the 
same volume of hydrogen both measured at the same tempera¬ 
ture and pressure. Let D be the density relative to Hydrogen 
of any gas. Then, by definition, we have 

^ vols. of the gas (under the same conditions of 
*wt. of V vola. of Hydrogen temp, and pressure). 

Let “»’* be the number of molecules present in V vols. 
of the gas. Then, by Avogadro’s hypothesis, we get 

molecules of the gas 
wt. of molecules of Hydrogen 
_ ^ wt. of 1 mol^cT^e of the gas 

.» X wt. of 1 molecule of Hydrogen 
wt. of_l molecule of the gas 
• wt. of 1 molecule of Hydrogen 


wt. of 1 molecule of the gas (since Hydrogen molecule 
wt. of 2 atoms of Hydrogen is diatomic as proved 

before). 


Hence, 2 x D = 


wt. of 1 m ole cule o f Uie gas 
2 X wt. of 1 atom of Hydrogen 

wt. of 1 molecule of the gas 


wt. of 1 atom of Hydrogen 
“Molecular wt. of the gas (by definition), 


Q- 2, Describe experi9nents by which you can determine the 
volumetric composition of steam and the empirical formula for 
water molecule. 


How and under what conditions does water react with : 
(a) iron, (b) carbon, (c) calcium carbide $ Name the products 
formed and give equations. 
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Ans. Volumetrioicomposition of steam^ 

One t/^-shaped eudiometer tube with one limb closed and 
graduated is taken. The closed end of the tube has two platinum 
wires sealed into the glass. The closed limb is surrounded by a 
jacket through which amyl alcohol vapour (B. P. 132*0.) can be 
circulated when required. The other limb of the eudiometer 
tube is open and it is provided with a side-cock near the bottom. 

The closed limb of the CT-shaped eudiometer tube is then first 
filled with mercury and then partially filled with a dried 
mixture of 2 volumes of hydrogen and 1 volume of oxygen 
(obtained by the electrolysis of acidulated water and dried by 
cone. by the displacement of mercury. Vapour of amyl 

alcohol obtained by boiling amyl 
alcohol in a flask as shown in the 
figure is then made to circulate 
through the jacket and this pass¬ 
age of amyl alcohol vapour is 
continued upto the end of the ex¬ 
periment. Then after some time, 
when the temperature of the 
mixed gases becomes constant, the 
mercury level in both limbs is 
adjusted to the same height and 
the volume of the mixture is care¬ 
fully road off. Some mercury is 
then run out by opening the tap to 
reduce the pressure and an electric 
spark is passed through the gas 
mixture by connecting the two 
platinum wires sealed to the closed 
limb to the terminals of an induc¬ 
tion coil after closing the open limb by the thumb. Hydrogen 
and oxygen combine to produce steam. Mercury level is again 
adjusted in both the limbs and the volume noted carefully. It 
will be found that the steam produced is exactly two-thirds of 
the volume of the mixture of H 2 and O 2 taken. 

Prom the experiment, we know that 2 vols. of combine 
with 1 vol. of 02 to give two volumes of steam. * 

Let *71* be the number of molecules present in 1 vol. of 
oxygen. 



Fig. 41 
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Then, by Avogadro's hypothesis, 

2n molecules of hydrogen combine with n molecules of oxygen 
to form steam (water in the gaseous state) ; 

or, 2 molecules of hydrogen combine with 1 molecule of 
oxygen to form water. 

Since, hydrogen and oxygen molecules are diatomic (Avo- 
gadro’s hypothesis) we find that, 4 atoms of hydrogen combine 
with 2 atoms of oxygen to form water ; 

or, 2 atoms of hydrogen combine with 1 atom of oxygen to 
form water. 

Thus, the empirical formula for water is HaO, and the mole- 
oular formula is (H20)a?, where a) is an integer. In order to 
determine cc we require the density of water, but it is known 
only that in the gaseous state the density of water (stmtri) is 9, 
whence the molecular formula for steam is H2O, since it corres¬ 
ponds with the molecular weight of steam, 2 x 9 = 18. But den¬ 
sity of liquid water is not known and hence its empirical formula- 
is accepted as H2O. 

(а) When water in the form of steam is passed over red-hot 
iron, hydrogen gas is produced and iron is oxidised to ferroso- 
.ferric oxide. 

3Fe + 4PI2O = Pe 3O4 + 4H 0 

(б) When water in the form of steam is passed over white- 
hot carbon, a mixture of two gases, carbon monoxide and hydro¬ 
gen, known as ivatcr gas is produced. 

C + H20 = C0 + H2 (at and above IGOO^’C.). 

But the above reaction being highly endothermic, the 
temperature gradually falls and at about 600°C., a mixture of 
*002 a-rid H2 is obtained, 

C + 2Ha0-C02+2Ha (at 600"0). 

At intermediate temperatures, mixture of CO, CO2 and H2 is 
obtained. 

(c) Water reacts with calcium carbide in the cold, giving* 
acetylene gas and forming calcium hydroxide. 

CaCs + 2H2O = Ca(OH)s + O2H2. 

Q. 3. How would you prepare an aqueous solution of pure 
hydrobromic acid in the laboratory ? Give a neat sketch of the 
apparatus and equations for the reactions that occur. 
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Compare the properties of hydrobromic add with those of hydro¬ 
chloric add, 

Ans, Hydrobromic acid is prepared in the laboratory by the 
action of bromine on a mixture of red phosphorus and water. 

In a flask fitted with a dropping funnel and a delivery tube, 
a mixture of red phosphorus and water is taken. The end of 
the delivery tube is connected with a U-tube containing glass 
beads with moist red phosphorus to absorb any bromine 
vapour that may escape from the flask. Then bromine is 
gradually added from dropping funnel. Hydrobromic acid gas is 
given off, mixed with Bromine vapours. As the mixture passes 
through the U-tube, Bromine vapours are absorbed by moist 
red phosphorus. Hydrobromic acid gas passes on and can be 
collected by the upward displacement of air. The flask is to be 
gently heated towards the end of the reaction for liberating all* 
the hydrobromic acid vapour. 

i * 

i 

If a solution of hydrobromic acid is to be prepared, the deli¬ 
very tube is attached to the stem of a funnel the mouth of which 
is just dipped under the surface of water contained in |^a beaker. 
This arrangement prevents back suction. (See Fig. 10, p. 46) 



Fig. 42 

4P + 10Br2=4PBr5 : PBre+4H20-6HBr d-HsPO* 
4P + 6Bra=4PBr9 ; PBrs+ 3H20 = 3HBr d-HsPOa. 
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Comparison of HBr with HGl and HI. 

These compounds, the hydracids of the halogen elements Cl 2 , 
Br 2 i and l 2 , are all colourless gases which fume strongly in 
moist air, They are all extremely soluble in water and are 
strongly acid in character. Of these HOl is the most stable. 
HBr is decomposed by heat and HI is decomposed by slight 
heat* They can be distinguished by the following reactions i — 


Experiment 

HCl 

HBr 

HI 

1. Heated | 

1 

No coloured 

Brownish— 

Violet va- 

with cone, 1 

vapour, only 

red vapours | 

pours of 

^2904* 

colourless HCl 

of Bromine 

Iodine given 

1 

1 

1 

vaporises away 

given off. , 

off. 

2 . AgNOa 

Ctirdy-white 

Yellowisli-ivhite ! 

Yelloto ppt. 

solution is 

1 ppt. of AgCl 

p})t of AgBr. 

of Agl pro- 

added. 

1 

; produced, inso- 

obtained, insolu-^ 

duced, inso- 


luble in cone. 

ble in cone. | 

luble both in 

1 

1 

' HNO 3 but so- 

HNO 3 , butsolu- 

cone. HNO 3 

( 

I 

luble even in 

ble with difficul¬ 

and in 

1 

1 

1 

• i 

dil. NH 4 OH. 1 

ty in NH 4 OH. ; 

NH 4 OH. 

3. Chlorine | 

No change in 

CS 2 —layer at 

CS 2 —layer 

water with 

colour of CS 2 ’ 

the bottom is 

at the bottom 

carbon disul- | 

layer settling 

coloured brown. 

is coloured 

phide is added j 

at the bottom. : 

1 

violet- 

and shaken. 

1 

! 

1 

1 


4. Chlorine* 

No change in ' 

1 1 

Solution turns 1 

Solution 

water along 

colour. 

orange-yellow in | 

becomes blue 

with starch 


colour. i 

in colour. 

solution is 




added. 
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Q. 4. Starting from calcium phosphate describe how you would 
Obtain yellow and red phosphorus. Compare their properties and 
describe experiments to prove that they are different modifications of 
the same element. State their uses. 

Alls. Finely ground phosphate of calcium, obtained as 
rocky matter in nature, is mixed with fine sand and powdered 
anthracite. The mixture is then fed into an electric furnace 
lined inside with refractory bricks. The furnace is fitted with a 
hopper at the top through which the feeding is carried out and 
the supply of the mixture to the furnace is regulated by an 
Archimedian screw sot beneath the hopper. There is an outlet 
near the top for the escape of hot gases and vapours of phos¬ 
phorus, and another at the bottom for taking out the slag. A 
high temperature is produced near the base by striking an 
electric arc with the help of two carbon electrodes. At this 
temperature calcium phosphate will react with silica present in 
sand, forming calcium silicate, which is a fusible slag. 

Ca3(P0,)o + 3Si02 = 3Ca3i03+P205. 


The carbon present in the charge reduces the phosphorus 
pentoxide to phosphorus ; 

P20, + 5C = 2P + 6C0. 

Phosphorus vapour and carbon monoxide are led into water 
where phospliorus vapour is condensed to solid yellow (white ? ) 
phosphorus and carbon monoxide gas escapes. Calcium silicate 
is tapped off from time to time. This process is continuous. 

Yellow phosphorus is changed to red phosphorus by heating 
it in a covered vessel provided with a safety valve, with a trace 
of iodine to 230®-260®0. Any oxygen which is present at the 
start is quickly removed by the burning of a little phosphorus. 
Thereafter heating takes place in an atmosphere of nitrogen. 
Any unchanged yellow phosphorus is removed by ‘boiling the red 
material formed with caustic soda solution. The product is 
thencooled, filtered, washed thoroughly with water and dried. 
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Comparison of properties of yellow and red P 



Property 

Yellow P 

1 Red P 

1 

1 

1. 

Colour. 

Almost colourless. 

1 ' 

. Violet red. 

2. 

Smell. 

Garlic smell 

i Odourless. 

1 

8 . 

SpeciBc gravity. 

1*83 

2’05—2*39 

4. 

Melting i)oint. 

44‘’C. 

500°—C)00°0. 

6.. 

Action of CS 2 , 
chloroform etc. 

Readily soluble 

Insoluble. 

6. 

Reaction when 
exposed to air. 

Phosphoresces with 
glow and oxida¬ 
tion. ; 

1 

1 

Does not phos¬ 
phoresce (there 
is no glow and 
no oxidation). 

7. 

Ignition temp. 

SO^G. 

240°C. 

8. 

Hot NaOH sol. 

Readily reacts with | 
hot NaOH sol. 
giving off PH 8. ' 

No action. 

9. 

Chemical activity. 

Highly active. 

Less active than 
yellow P. 

10. 

Physiological 

action. 

Highly poisonous. 

Not poisonous. 

11. 

Stability. 

Less stable at ordi¬ 
nary temperature. 

Stable at ordinar;^ 
temperature. 


Experiments to show that yellow P and red P are different 
modifications of the same element :— 
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(1) Bqual weights of yellow P and red P are taken and 
burnt carefully in excess of oxygen by suitable arrangement and 
the products collected and dissolved in excess of water, where¬ 
by phosphoric acid, H3PO4 is formed. Those two different 
solutions are neutralised and completely precipitated separately 
with magnesia mixture in presence of ammonia and ammonium 
chloride. The precipitates are filtered, washed, and ignited and 
weighed, heating, cooling in a desiccator and weighing carried 
out till the weights are constant. 

It will be found, if the experiment be carefully performed, 
that the weights of magnesium pyrophosphate so obtained are 
the same, proving thereby that we are dealing with the same 
element. 

(2) When red phosphorus is heated in an inert atmosphere 

above so that vapours are produced and the vapours are 

rapidly cooled, yellow phosphorus is obtained. And if yellow 
phosphorus is heated to 240®C. in an inert atmosphere with a 
trace of iodine, red phosphorus is formed. The interconverti- 
bility shows that yellow P and red P are allotropic modificatiojis 
of the same element. 

Phosphorus is chiefly used in the manufacture of matches, 
Large quantities of white phosphorus are converted into phos¬ 
phorus trisnlphide, P2B3, and red phosphorus, both of which are 
employed in the manufacture of matches. Formerly white 
phosphorus was used on match-heads, but this is now prohibited 
in most countries on account of its poisonous nature. In the.pre¬ 
sent-day safety matches, the match-head consists of antimony 
trisulphide and lead dioxide or potassium chlorate and is ignited 
by rubbing against a specially-prepared surface on the match¬ 
box, which contains a mixture of red phosphorus, glue and an 
abrasive like broken glass. 

Red phosphorus is used in the laboratory preparation of 
HBr and HI. White phosphorus is employed in the manufac¬ 
ture of P2O6, POI3 and PCI5. Another use of phosphorus is in* 
making phosphor bronze, an alloy of copper and tin containing 
0*25 — 2*5% of phosphorus. Mixed with flour and ^ grease, white 
phosphorus is used as a poison for rats and mice. * 

Phosphorus was used, during the World War I, in making 
incendiary bombs. 
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Q. 5, Name the important ores of lead and give their for¬ 
mulae. How is lead extracted from its sulphide ore ? State the 
uses of lead and its important alloys. 

Describe the action of water upon lead* 

Ans. The important; ores of lead are 

Galena.—PbS 
Anglesite—PbS 04 
Cerrnssite—PbCOs 

The extraction of lead from its sulphide ores consists of four 
operations : 

1, Concentration : The ore is first of all concentrated 
by oil floatation process. The powdered ore is mixed with 
water, a little pine oil and the mixture churned by passing a 
current of air through it. By this operation, the sulphide ore 
of lead rises to the surface as scum, being wetted by oil and the 
gangue material sinks to the bottom, being wetted by water. 
The scum is collected and dried. 

2. Roasting and Sintering :—The concentrated ore is then 
mixed with lime and taken in a vessel provided with a hood at 
the top for sucking away the fumes produced to a dust-collecting 
plant, and a grating at the bottom. A coal-fire is lighted by 
placing the coal on the grating and igniting the same, and an 
air-blast is put on. Lead sulphide is thereby converted into its 
oxide, sulphur dioxide escapes as gas and fumes evolved collect 
inside the dust-collecting chamber after passing through the. 
hood. The powdery mass is converted into a hard coarse cake 
suitable for charging into the blast furnace. During roasting, 
sulphur present in the ore burns away forming sulphur 
dioxide : 

2PbS + 30a “ 2PbO + 2S02* 

Then, with increasing air-blast, the charge sinters together to 
a large cake. The cake is taken out and broken up into lumps 
suitable for charging into the blast furnace. Lime added to 
the charge serves the two-fold purpose of preventing fusion and 
of removing sulphur dioxide completely. 

The sintered ore is next mixed with coke and a flux consis¬ 
ting of ferric oxide (raw iron ore) and lime and tlie mixture is 
charged into a water-jacketted blast furnace. A coal-fire is 
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lighted at the bottom of the furnace and the charge is then 
introduced and in the meantime the air-blast is turned on 
through the tuyeres. The lead oxide present in the charge ia 
reduced by carbon . 

PbO + C“Pb + CO. 

The carbon monoxide formed also helps in bringing about 
the reduction of lead oxide to a certain extent. 

Ph0-i-C0 = Pb + C02. 

Any unchanged lead sulphide also helps in bringing about the 
reduction of the lead oxide to metallic lead : 

2Pb0 + PbS = 3Pb + S02. 

Lime, added to the charge, combines with the silica present 
in the charge producing fusible calcium silicate. Iron oxide 
added to the charge helps to remove any lead sulphide remain¬ 
ing unacted upon, in the charge. 

CaO + SiOa-CaSiOs. 

2 PbS + F 02 O 3 + 3C = 2FeS + 2Pb + 3CO. 

Metallic lead produced collects in the molten condition at the 
bottom of the hearth and is tapped out therefrom by means of 
a tap-hole from time to time. The slag, consisting of calcium 
silicate and ferrous sulphide in the molten condition, is drawn oflf 
from time to time through the slag-hole. 

Uses cf lead :— 

Lead ia used (?) for making pipes, cisterns, bullets ; {ii) in 
storage battery ; {itt) in preparing alloys like typo metal, solder 
and powter ; (?v) in the construction of lead chambers for the 
manufacture of HaSO^, and (t?) in preparing sheaths for electric 
cables. Alloys of lead are (1) Type metal^—(Alloy of Pb, Sb, 
Sn) used for preparation of printing types. 

( 2 ) Soft solder— used for soldering two 

(Alloy of Pb + Sn) pieces of metal or for 

stopping holes in metal* 
lie containers. 

(3) Pewter— used similarly as also for 

(Alloy of Pb + Sn) making table wares. 

(4) Linotype metal, Uloo and * Frary metal 
are other alloys of lead used for different, 
purposes. 
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Action of water upon lead :— 

Pure distilled water has practically no action upon lead in 
absence of air ; but water containing dissolved air dissolves the 
metal. Hydrated oxide of lead is first formed and a little H2O2 
is found in solution. Iiead hydroxide is appreciably soluble in 
water and so it passes into solution. 

The solvent action of water on lead is determined by the 
presence of other substances held in solution in water ; thus— 

(a) If water contains such substances in solution which 
givo rise to soluble compounds of lead, then it will rapidly 
dissolve the metal. Thus, lead is readily attacked by water 
-containing small amounts of nitrates, ammonium salts, etc. 

■ ■ (5) If, on the other hand, water contains in solution such 
substances which are capable of forming insoluble com])Ounds of 
lead, then a coating of the insoluble compounds of lead is formed 
on the surface of the metal ; hence though such sample of water 
may slowly attack lead at first, the action will subsequently 
stop altogether. Thus, water containing phosphates, carbonates, 
sulphates in solution has practically no action on lead. 

Q. 6. Describe the manufacture of caustic soda a7id chlorine 
from common salt- State their uses. 

Bcsplaint r/ivino equations^ what happens when a solution of 
■caustic soda is 

(а) added to a solution of zinc sulphate ; 

(б) heated with yelloio phosphorus^ 

Ans. Common salt (sodium chloride, NaCl) is dissolved in 
water and the solution of common salt (called brine) is subjected 
to electrolysis in a diaphragm cell, e-g.^ Nelson cell. The 
separation of caustic soda formed at the cathode from the 
chlorine evolved at the anode is to be effected very efficiently, 
•otherwise sodium chloride, hypochlorite, chlorate, etc. will be 
produced. The reactions that occur during the electrolysis are 

2NaC1^2Na'*' + 20l“ (in aqueous solution) 

2Na’^ + 2e = 2Na (at cathode) 

2Na + 2H20=“2Na0H+H2 (evolved as gas at cathode) 
2Cr -20 = 201 (at anode) 

01 + 01 = 012 (evolved as gas at anode), 
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In Nelson’s cell a perforated steel cathode, made in the form 
of fiC long XJ-shaped trough, is suspended in a rectangular steel 
tank in which steam can be injected. The cathode is lined 

inside with asbestos. The anode 
is a carbon rod kept dipping 
into brine contained in the U- 
shaped steel trough. The asbes¬ 
tos lining of the cathode pre¬ 
vents the chlorine liberated from 
coming in contact with the 
caustic soda solution.. Erine 
is introduced through a jupe as 
required. ]h*ine cannot pass 
throug the asbestos lining, but 
sodium ions pass through it 
and change to sodium atoms at 

the cathode. Tl)ose sodium 

« 

atoms next react with steam 
introduced by a side pipe in the 

2Na 4- 2H.,0 - 2NaOH + H g. 

Chlorine is led off from near the anode as showJ) in the 
figure. The caustic soda solution formed collects at the bottom 
of the steel tank and taken off from time to time by opening the 
tap set at tlie bottom of the tank. The solution of caustic soda 
is then evaporated in iron vessels. The solid so obtained is 
finally melted down and cast into sticks, pellets or balls. 

Chlorine is evolved during this manufacture of caustic soda 
at the anode which is led off by an outlet pipe, and collected over 
brine. Por industrial purpose it is dried by cone. H 2 SO 4 , 
liquefied and the liquid is stored in iron cylinders. ^ 

Uses of caustic soda :—Caustic soda is employed ( 1 ) in the 
preparation of soap, ( 2 ) in the manufacture of metallic sodium, • 
(3) in the refining of petroleum, (4) in the manufacture of 
artificial silk, ( 6 ) in the textile, pulp and paper industries, ( 6 ), 
in reclaiming rubber and ( 7 ) in the laboratory as a reagent. 

Uses of chlorine :— 

Chlorine is used in the manufacture of bleaching powder, 
chloroform, bromine, chlorates, etc., as a disinfectant, for pre- 
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paring pure HGl and for preparing certain poisonous gases like 
phosgene gas, mustard gas, etc., in the extraction of gold and for 
refining petroleum. 

(a) When a solution of caustic soda is added gradually to 
zinc sulphate solution, at first a white precipitate of zinc hydro¬ 
xide is formed] which dissolves on adding excess of caustic soda 
with the formation of sodium zincate, Na2Zn02. Sodium 
sulphate is the other product. 

ZnS 04 +2NaOH -Zn(OH )2 +Na 2 S 04 
Zn(OH)2+ 2Na0H“Na2Zn02+ 2 H 2 O. 

(b) When yellow phosphorus is heated with a solution of 
caustic soda, phosphorotted hydrogen or phosphine, PH 3 , is 
evolved as a gas and sodium hypophosphite, NaH 2 P 02 is formed 
in solution. 

4P + 3NaOH + 3 H 2 O = 3NaH2P02 + PH3. 

Q. 7, Describe experiments to d'lmonstrate that : 

(а) water is produced in many cases from a burning flame ; 

(б) the simultaneous presence of aii\ water and carbon dioxide 
is necessary for the formation of rust on iron ; 

(c) nitric acid contains oxygen ; 
caustic soda contains hydrogen ; 

(fl) the terms 'combustible’ and 'supporter of combustion are 
purely relative. 

. Ans. (a) A fiask containing cold water is placed on an 
wire gauze and a coal gas flame or flame produced by burning 
hydrocarbons is placed beneath the wire gauze. Droplets of 
water are found to collect on the outer surface of the cold flask. 
Water vapour that is first formed in the flame can be condensed 
to liquid water in contact with cold surface. Hence we conclude 
that in flames of coal gas or of hydrocarbons, water is produced 
as water vapour. 

(6) A bright iron wire is cut into several pieces ; {i) one 
piece is placed in a porcelain basin kept inside a desic¬ 
cator. In dry air present inside the desiccator, the piece of 
iron remains as bright as before even after several days. 
So no rusting takes place in dry air. (ii) Another piece is 
placed in a glass-stoppered bottle filled completely with air-free 
water. Here also iron shows no sign of rusting even after a 
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long period of time, (iii) Another piece of iron wire is placed 
in another stoppered hottle containing a little quantity of water 
along with CO a—free air (air after passing through KOH solu¬ 
tion is admitted into the stoppered bottle.) Here also no rusting 
takes place, (iv) Then in another stoppered bottle a bright 
piece of iron wire is introduced along with a little quantity of 
water, air and carbon dioxide, The piece of iron wire is found to 
loose its brightness very soon and after a day or two brown 
specks of rust appear on the surface of the iron wire. 

Thus we conclude that all throe factors, water, air and carbon 
dioxide, are necessary for rusting of iron to take place. 

(c) Cone, nitric acid is dropped slowly into a strongly 
heated clay tobacco pipe. Nitric acid breaks up by the heat into 
oxygen, nitrogen peroxide 
and steam. The gases are 
passed through water and 
collected in a gas jar by 
displacement of water. 

Nitrogen peroxide dissolves 
in water and steam conden¬ 
ses to water. Oxygen alone 
collects ill the gas jar. That ifig. 44 

the gas is oxygen is proved by the facta that it rekindles a 
glowing splinter, produces brown fumes with nitric oxide and is 
completely'’ absorbed by alkaline pyrogallate. 

{(Z) Fused caustic soda is heated strongly with metallic zinc. 
A gas is evolved and is collected by displacement of water in a 
gas-jar. That the gas is hydrogen is proved by the facts that (i) it 
burns with a scarcely visible blue flame with the production of 
water alone and no GO 2 as tested with lime water ; (n) it .forms 
an explosive mixture with 02 and (?//.) it is absorbed by heated 
palladium. Those facts prove that caustic soda contains hydro¬ 
gen, since it cannot come from zinc. 

Zn -f 2NaOH “NasZnOo +H 2 . 

(e) Any chemical reaction accompanied by the evolution 
of heat and light is called combustion. Now it is customary to 
classify the substances taking part in combustion as the com¬ 
bustible bodies and supporters of combustion. Usually we call 

15 
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those substances which burn combustible and the atmosphere 
surrounding the burning substance, supporter of combustion. 

Thus paraffin, hydrogen, carbon monoxide, etc., are combus¬ 
tible substances ; while oxygen, air, etc., are supporters of 
combustion. 

This distinction, however, is a purely conventional one, and 
the two terms are purely relative. By a slight modification of the 
conditions, either H 2 or CH 4 or coal gas may become supporter 
of combustion and O 2 or Gl^ the combustible body. This can 
be illustrated by the following experiment :— 

A glass chimney is taken provided with a cork at its bottom. 
Two glass tubes, one short and the other long, are inserted through 

the cork at the bottom. A small sheet 
of asbestos with a hole at the middle is 
])laced at the top of the chimney. Hydro¬ 
gen is passed through the short tube till 
the chimney is completely filled up with 
hydrogen. Hydrogen is ignited as it 
comes out at the top through the hole in 
the asbestos. Now oxygen is passed in 
through the long tube and the gas is 
ignited by pushing the long tube up to 
the burning hydrogen. The long tube 
is then drawn into the middle of the 
chimney. We have got here two flames ; 
one at the top of the chimney, where 
hydrogen burns in excess of air, and the 
other inside the chimney where oxygen 
burns in hydrogen. Similar experiment 
can be arranged with coal gas and oxygen 
or chlorine and hydrogen. Thus the 
supporter of combustion in one case can 
be made combustible in the other. Hence the terms are relative^ 

Q. 8 . Describe briefly the manufacture of sulphuric acid by 
contact pi’ocflss. 

Ans. A mixture of SO 2 ~7%, Og -10*4^^^ and N 2 "■82*6% is 
obtained by burning iron pyrites, FeS 2 , in kilns with the 
requisite supply of air. The gas mixture is carefully purified by 
passing ( 1 ) through a dust chamber in which steam is injected ; 
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^ 2 ) then throufjh a series of lead pipes to reduce the tempera¬ 
ture of the gas mixture down to 100®0. ; (3) through a series of 





Fig. 46 

towers in which it meets a descending spray of water which 
washes the H 2 BO 4 formed in the kiln gases ; and finally (4) the 
gas mixture is dried by passing them up through a tower 
where it meets the descending stream of strong H 2 SO+. The 
gas mixture is then examined by a powerful beam of light in 
the testing chamber. The absence of fog indicates that the gas 
mixture has been sufficiently purified. It is then led into the 
contact chamber. It consists of an iron cylinder inside which 
are several iron pipes loosely packed with platinised asbestos 
between perforated shelves. This platinised asbestos serves as 
the catalytic agent. The mixture of SO 2 and air enters the 
chamber at the bottom, passes upto the toj) of the cylinder 
around the outside of these tubes and then descends through 
the inside of these tubes, passing over the cntalyst packed 
tlieroin. The contact chamlier is heated to 400’— 450®. 
by ring burners jdaced at the bottom to start the reaction. Consi¬ 
derable beat is evolved during the oxidation of BO 2 to SOs 
according to the reaction 280 . + On == 2 BOfl and the tubes have 
•a tendency to got hotter during the reaction. Heat-interchange 
takes place between the cold gases sweeping over the outside of 
the tubes and the hot gases inside the tube, and temperature is 
maintained constant at about 450®C. 

No further external heating is necessary {ind the reaction 
goes on automatically. 

The issuing gas is cooled and then passed through 98% sul¬ 
phuric acid in iron towers. SO.-, is absorbed. A stream of water 
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or dilute H 2 SO 4 is run in at such a rate that the concentration 
of the acid is maintained at 97—98 per cent. 

112804 +SO3-H2S2O7 
1128207 +H20 = 2n2S0.t. 


SECOND PAPER—1947 

Q. 1. What is meant by the equivalent toeight of an element ? 
Illustrate your answer loith examples, 

0‘33 grams, of a metal on dissolving in dilute sulphuric acidy. 
liberaies 113 c, c. of dry hydrogcyt, at N. T. P. Determine the 
equivalent weight of the metal. 

Ans. The equivalent weight of an element is that weight of 
it which combines with or displaces from a compound one part 
by weight of hydrogen or 8 parts by weight of oxygen or 35 ' 5 ^ 
parts by weight of chlorine. It is a mere number, since it can 
be expressed us 

, . w't. of the element in certain unit 

lemica equiva ent hydrogen displaced by or con?- 

bined with the given wt. of the 
element in the same unit. 

Thus, 12 parts by wt. of Magnesium can displace 1 part by 
weight of hydrogen. 

Hence 12 is the chemical equivalent of Mg. 

Also 23 parts by wt. of Na can displace 1 part by weight o( 
hydrogen. Hence 23 is the equivalent weight of sodium. 

Again 31*76 parts by weight of copper combine with 8 parts 
by weight pf oxygen. Hence 31*76 is the equivalent weight of 
copper. 

. Also 20 parts by weight of calcium combine with 36*5 pa-ts 
by weight of chlorine. Therefore 20 is the equivalent weight 
of, calcium. 

Wt. of 113 c.c. of dry hyrogen at N.T.P. = 113 x 0*00009 gra 
”0*01017 gram. 

Equivalent weight of the metal 



1947]' 


INTEBMEDIATE CHEMISTRY 


229 


_ wt, of t he metal taken _ 0*33 gram. 

ivt. of hydrogen liberated by it ~ 0*01017 gram ~ 

Q. 2. Describe the Kipp s apparatus, 

hlake a clean sketch of this apparatits showing its usefoi' the 
preparation of dry carbon dioxide. What happens when a burning 
magnesium ribbon iS introduced into a jar of carbon dioxide ? 

Ans. Kipp 8 apparatus, as shown in tha adjoining iiguro* 
consists of two separable parts. Q;)h 0 upper part consists of a 
4 lass globe with a long stem ; the lower portion consists of two 
glass globes joined at the mirlrlle b^ a short neck. The lowest 
globe is flattened at the bottom, 
so that during use, after fitting 
the whole apparatus, this can 
stand upon this flat bottom. The 
upper glass globe with the long 
stem serves as a big funnel. The 
upper glass globe with the long 
stem fits air-tight into the neck 
of the central globe, the stem 
reaching nearly to the bottom of 
the lowest globe. A glass stop¬ 
cock is fitted through a rubber 
cork to the middle glass globe as 
shown in the figure. The lowest 
globe is provided with an outlet 
kept closed by means of a ground 
glass stopi)er, so that the waste 
liquid may bo drawn off from tho 
bottom. There is often a bent 
funnel fitted through a rubber 
cork to tho uppermost globe 
for pouring in liquid necessary 
for tho preparation of any gas, Tho apparatus is used for 
preparing gases which require no heating and continuous supply 
being required, e.g., 112 S, CO 2 , Hg* 

Kor the preparation of dry carl)on dioxide with it, the Kipp’s 
apparatus is to be attached through the delivery tube to a wash- 
bottle containing concentrated H 2 SO 4 . for drying tho gas. Chips 
of marble are placed in the middle globe and dilute hydrochloric 
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acid is poured through a thistle funnel fitted to the neck of the 
upper globe. Thus the lowest globe and half of the middle globe 
containing marble chips are filled with the acid, which reacts 
with the marble chips and carbon dioxide escapes through the- 
side delivery tube and then passes through the washer containing 
cone. H 2 HO 4 by which it is dried. When the gas is not required 
the stop-cock is closed, and the gas, being unable to escape,, 
exerts pressure on the liquid surface and displaces the acid 
from the central globe to the upper one. The acid being no more 
in contact with marble chips, reaction stops. On reopening the 
stop-cock, the gas escapes ; the pressure is thus released, the 
acid rises again in the middle globe and reacts with the marble 
chips and carbon dioxide is evolved. 

CaOOa + 2H01 = CaGl 2 + H^O + COg. 

When a burning magnesium ribbon is introduced into a jar 
of carbon dioxide, it continues to burn and soot is deposited 
inside the jar, due to separation of carbon from carbon dioxide 
and a white deposit of magnesium oxide is formed in the jar. 

2Mg + C02-2Mg0 + C. 

Q. 3. Hoio will you prove that air is a mechanical mixture ^ 

What experiments loill you perform to show that one of the 
main constituents of air is present in each of ike following 
substances : (a) ammonia, (b) red lead, (c) marble and (d) crystals 
of copper sulphate ? 

Ans. The following are the reasons for considering air to 
b© a mechanical mixture of nitrogen and oxygen ;— 

( 1 ) In a mechanical mixture of two or more substances 
the properties of the different ingredients are retained, but when 
a compound is formed from two or more ingredients, the 
molecules of the ingredients are changed and new molecules 
are formed. These new molecules have properties altogether 
different from those of the ingredients. 

Now, we can infer air to be a mechanical mixture of 
nitrogen and oxygen, because the properties of both nitrogen 
and oxgen are found to be present in air, for example, oxygen 
is a supporter of combustion, so is also air, though to a less 
extent on account of its dilution. Oxygen is absorbed by 
* alkaline pyrogallate, and alkaline pyrogallate can absorb and 
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remove oxygen from air. After removal of oxygen from air by 
absorption with alkaline pyrogallate, nitrogen left shows all 
the properties of nitrogen. 

Therfore air is considered to be a mechanical mixture, 

(2) The analyses of samples of air drawn from different 
localities and different altitudes show that the proportion of 
nitrogen and oxygen in air by weight is nearly constant, yet 
slight variations are noticeable. But even the slightest deviation 
from fixed composition is not possible in the case of a cliemical 
compound. 

Air is thus proved to be a mixture of oxygen and nitrogen. 

(3) When gases combine chemically there is always a 
thermal change, and oftentimes a change in volume is 
observed. But when '23 parts by weight of oxygen are mixed 
with 77 parts by weight of nitrogen, there is neither any heat 
change nor any change in volume. Yet the mixture behaves^ 
in every respect like ordinary air. 

Thus, air is a mechanical mixture. 

(4) The density and other physical properties of air are 
average of these properties of the constituents nitrogen and 
oxygon, in the proportion in which they are present in air. Thus, 
taking d to be the density of air which contains nitrogen and 
oxygen in the proportion 4 : 1 by volume approximately, we can 
calculate d as follows : — 

Wt. of air = Wt. of nitrogen + Wt. of oxygen. 

Taking into consideration 100 volumes of air consisting of 
80 volumes of nitrogen and 20 volumes of oxygen, 

100 X = 80 X 14 + 20 X 16 
= 1120 + 320 
= 1440. 

<^ = 14 ' 4 . 

The observed density of air is also 14’4, just the value 
calculated on the assumption that air is a mechanical mixture. 

Therefore air is nothing but a mechanical mixture. 

(5) There are five different oxides of nitrogen whose 
gravimetric compositions are such that they obey the Law of 
Multiple proportions. The composition of air by weight 
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(77 nitrogen, 23 oxygen) is such that no simple formula can be 
assigned to it (77 parts by weight of nitrogen stands for 
5^ atoms of nitrogen, and 23 parts by weight of oxygen stands 
for 1*4376 atoms of oxygon). Thus the Law- of Multiple 
proportions as applied to the case of definite oxides of nitrogen 
cannot be applied here. Also if a tentative formula for air 
(considering it to be a compound) is found out, the density of 
air calculated on that basis comes out to be much higher than 
its actual density. 

Therefore air is a mechanical mixture. 

(6) The ingredients of a mechanical mixture can be 
separated by easy mechanical moans of separation like diffusion, 
distillation, vaporisation, etc., but the components of a chemical 
compound can not bo so separated. 

The constituents of air can be separated {a) by diffusion : 
When air is passed through a porous tube, nitrogen, being 
lighter than oxygen, diffuses out more readily than oxygen and 
the residue left is found to be richer in oxygen than ordinary 
aii;. Had air been a chemical compound, no such separation of 
the constituents would have been possible. 

(fc) by vaporisation : When liquid air is allowed to evaporate, 
the boiling point increases progressively. Further, the gas 
which comes out first is richer in nitrogen than the gas which 
comes out afterwards. Thus liquid air is to be considered as a 
mixture of two liquids, liquid nitrogen and liquid oxygen, and 
it may be presumed that atmospheric air is also a mixture of 
the gases, nitrogen and oxygen. 

(o) by solution m loaier : If air be shaken with water, a part 
of it goes into solution and the dissolved gas can be expelled by 
boiling, It has been found that the air thus recovered from 
solution is very much richer in oxygen than ordinary air. Thus 
a partial separation of tlie ingredients of air by solution in water 
followed by subsequent heating, «.< 5 ., by easy mechanical means 
is possible. 

Air is thus a mechanical mixture. Any single argument 
given in the above discussion ma,y not be considered sufficient, 
but the arguments taken all together prove completely that air 
is a mechanical mixture, and not a compound^ of nitrogen and 
oxygen. 
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{a) Ammonia in solution in water is treated with chlorine 
■gas when a gas is evolved which can be collected by displace¬ 
ment of water. That the gas is nitrogen can be proved by the 
facts that it is inert, it does not sup]^ort combustion and is 
:absorbed by heated magnesium without separation of soot. But 
nitrogen is also known (from experiments carried out by burning 
P in a closed volume of air and dissolving out the P 2 O 5 formed 
with water) to be one of the main constituents of air. Thus 
ammonia is proved to contain one of the main constituents of 
air, vis., nitrogen. 

8NH3 + 3CI2 - 6NH4CI + Ns. 

(b) Red lead is taken in a hard glass test tube and heated 
‘Strongly above 450°C., when a gas is evolved, which can be 
-collected by displacement of water. That the gas is oxygen can 
be proved from the facts that it supports combustion very 
vigorously and is absorbed completely by alkaline pyrogallate. 
Now the fact that air contains oxygen has been proved by 
beating Hg for a time in contact with a closed volume of air and 
then after cooling red scales floating on mercury •are collected : 
.tliese red scales on heating provides oxygen (tested as before). 
Also oxygen in air can be dissolved out by alkaline pyrogallate. 
Thus it is proved that red lead contains one of the main consti¬ 
tuents of air, vis., oxygon. 

2 Pba 04 = 6Pb0 + 02. 

(c) Wlien marble is heated, a gas is evolved wliich turns 
lime-water milky and which extinguishes a lighted taper just 
like water. So the gas is proved to bo carbon dioxide. Carbon 
dioxide is also one of the main constituents of air, as is proved 
by blowing air through lime-water which turns milky or by the 
appearance of a scum on the surface of lime-water kept exposed 
to air in a saucer. Thus, marble contains one of the main 
constituents of air, viz., carbon dioxide. 

CaC03=0a0-HC02. 

(d) Crystals of copper sulphate, when heated, evolve water 
vapour which can be condensed to liquid state by cooling and 
collected as such. That the liquid is water can be proved by 
adding anhydrous copper sulphate, which is White, to it when 
it will turn blue. Presence of water vapour in air is proved by 
placing a lump of ice in a beaker containing water, when the 
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outside surface of the beaker will be covered with minute drops- 
of water formed by the condensation of water vapour present in 
air, in contact with the cold surface. The same fact is proved’ 
by the deliquescence of fused 0 aCl 2 . Thus, crystals of copper 
sulphate contain one of the main constituents of air, water. 

Q. 4. Some iodine got mixed up with potassium iodide. How- 
will you separate them ? 

Discuss the chemical changes that take place when 

(a) iodine is mixed with caustic soda solution, 

(b) potassium iodide is mixed loith concentrated sulphuric acid, 

(c) gaseous chlorine is passed into aqueoits solution of 
potassium iodide and 

(d) potassium iodide solution is added to mercuric chloride 
solution. 

Ans. In order to separate iodine from potassium iodide, the 
mixture is heated in a basin covered over with a clock j^lass over 
which a moist piece of filter paper is placed. Iodine sublimes- 
off and collects on the lower surface of the clock glass. 

{a) When iodine is mixed with cold and dilute caustic soda 
solution, sodium iodide and sodium hypo-iodite, which is subse¬ 
quently hydrolysed to hypoiodous acid, are formed. 

2NaOH +1 a = NaT + NaOI + HgO 
NaOI + HoO^IIOI + NaOH, 

Iodine, on being mixed with hot and concentrated caustic- 
soda solution gives sodium iodide and sodium iodate. 

- 6 Na 0 n + 3l2-NaI03+6NaI + 3n20. 

(b) When potassium iodide is mixed with concentrated' 
H 2 SO 4 , HI is first evolved, but the mixture soon gets heated and 
violet vapours of iodine are evolved. 

2KT + H 2 SO 4 = K 2 80 4 + 2HI 
2JII + H 28 O 4 = I 2 + 2 H 2 O + SO 2 . 

(c) When gaseous chlorine is passed into aqueous solution 
of potassium iodide, at first iodine is liberated and the solution 
turns brown. But with continued passage of chlorine gas the 
solution turns colourless due to the formation of iodic acid by 
.the oxidation of iodine carried out by chlorine. 

2 KI + Cl 2 = 2 KCl + l 2 

I 2 + 6 OI 2 + BHaO - 2 HIO 3 + lOHCl. 
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(d) When potassium iodide, solution is added to mercurio 
chloride solution, at first a red precipitate of mercuric iodide is 
produced. On addition of excess of potassium iodide solution 
the red ppt. of mercuric iodide dissolves forming potassium^ 
mercuri-iodide. , 

2KI + HgCla =HgT2 + 2KC1 
2KI + HgT2»K2Hgl4. 

Q. 5. H(yw is sodium prepared ? Give a neat sketch of the 
apparatus used for this preparation. 

Discuss ike action of this metal on : (a) dry oxygen, (6) hydro¬ 
gen chloride, (c) mercury a?id (d) water. 

Give equations to represent the reaction. 

Ans. Sodium is prepared from caustic soda, NaOH, by 
Castner’s process. Fused caustic soda is electrolysed in a cylindri¬ 
cal iron vessel which is provided with a narrow cylindrical base 
as shown in the adjoining figure. An iron cathode is introduced 
through the narrow cylindrical bottom and is kept in position 
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by the solidified caustic soda present therein. The anode i&* 
made of nickel and is cylindrical and hollow, placed in such 



X. u. QUESTIONS WITH ANSWERS ON 


'236 


[1947 


•way suspended from the top of the iron vessel that it surrounds 
•the upper part of the iron cathode. 

Caustic soda is melted down and kept in molten condition by 
a set of ring burners placed at the bottom. On passing the 
electric current through this molten NaOH it decomposes into 
sodium, oxygen and hydrogen. Sodium and hydrogen comes 
out at the cathode while oxygen is liberated at the anode. 
Sodium, being lighter than fused caustic soda, floats on the 
fused NaOH and collects in a metal cylinder provided with a 
loose cap at the top to allow the hydrogen to escape from time 
to time ; there is also a wire gauze netting at the bottom of 
this metal cylinder as shown in the figure by the dotted lines. 
The • atmosphere of hydrogen in the metal cylinder prevents 
sodium from undergoing oxidation by atmospheric oxygen. 
* Sodium is removed from time to time by means of perforated 
ladle, which retains metallic sodium, allowing the fused caustic 
soda to flow down to the bath. 

NaOH Na+ + OH" 

OH- U+ + 0-- 
Na + e Na 

(electron) at the cathode 

2H'*- + 2e II 2 

20“- *“4e -> O21 at the anode. 

(a) Sodium reacts with ordinary dry oxygen, when heated 
giving sodium monoxide (at 180®0,) and sodium peroxide 
(at 300**). 

4NaH-02 = 2Nao0 
' 2Na + 02=Na202. 

Perfectly dry oxygen is without action upon sodium. 

(i) Sodium reacts with hydrogen chloride at ordinary tem¬ 
perature, forming sodium chloride and evolving hydrogen gas. 

2Na + 2HC1 - 2NaCl + H2. 

(c) Sodium reacts with mercury forming sodium amalgam. 

Na + ng = NaHg. 

(d) Sodium reacts with water even in the cold evolving 
[hydrogen gas and forming sodium hydroxide* 

2Na + 2H2O *=* 2NaOH + H a* 
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Q. 6. Write an account of the extraction of aluminium from 
its ore* 

What are the important alloys of this metal and how are theif 
prepared ? Mention the uses of the metal and its alloys* 

Ans. Aluminium is extracted from its ore, bauxite, Al^Oav 
2H2O. Naturally occurring bauxite is impure ; it contains iron 
oxide and silica. So it is to be purified before it can be utilised 
for the extraction of aluminium. Thus the extraction of alumi¬ 
nium from bauxite consists of two operations, viz., purification 
of bauxite and electrolysis of fused bauxite in a bath of molten 
cryolite. 

Purification of bauxite : Powdered bauxite is fused with' 
sodium carbonate in a furnace, whereby sodium aluminat©, 
is formed along with a little sodium silicate, iron oxide being 
left as such. 

A1«0» + Na2C03 = 2NaA102 +002- 

The fused mass is cooled and rapidly lixiviated with water 
when sodium aluminate passes into solution, leaving iron oxide 
behind. The solution of sodium aluminate is next heated to 
60®—G0°C. and CO* if^ passed into it, when hyarated aluminium- 
oxide is precipitated : 

2NaA102 + CO 2 + 3 H 2 O = 2A1(0II)3 + NagCOa- 

The hydrated aluminium oxido is filtered, washed, dried 
and ignited. 

2Al(On)3 = AI 2 O,, + SHaO. 

Modern Baeyer’s process consists in calcining the natural 
bauxite and then digesting the calcined bauxite with strong caustic 
soda solution at a pressure of 80 lbs. and at a temperature of 
150®C. Sodium aluminate is formed in solution and iron oxido, 
iron hydroxide etc. remain as insoluble matter. 

AI 2 O 3 + 2NaOn = 2 NaA 102 + HaO. 

The solution is cooled, diluted and filtered. The filtrate- 
is then treated with some freshly precipitated AKOH).-* obtained 
in the previous batch and vigorously agitated when most of 
the aluminium present in solution is ijrecipitatecl as aluminium 
hydroxide. 


Na AlO a + 2H 2O -= NaOH + Al(OH) 3. 
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The precipitated aluminium hydroxide ia filtered, washed, 
•dried and ignited, when pure alumina is obtained. 

2Al(0H)3=Al203 + 3n20. 

Extraction of Aluminium from purified bauxite by 
electrolysis :— 

Purified bauxite is next dissolved in a bath of molten cryolite, 
and electrolysed in an electric furnace. The furnace consists 
of a rectangular iron box lined inside with .blocks of gas carbon. 
This iron box is made the cathode. The anode consists of 
3 or 4 stout carbon rods attached to a rod of copper and 
'S.UBpended in the molten bath. A little fluorspar is added to 
the bath in order to increase its fluidity. When electric 
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current is passed in, alumina undergoes decomposition. 
Aluminium, liberated at the cathode, sinks in the liquid state 
to the bottom whence it is taken out by means of the tap hole. 
Oxygen, liberated at the anode, attacks the carbon rods producing 
CO and 00a which are given off. 

2 AI 2 O 3 “ 4A1 "I" 30 2 
0 + 02 = 00 ^; 

2 C +02 = 200. 

The resistance of the electrolyte gives sufficient heat to keep 
the mass in the fused condition. The temperature of the bath 
is usually maintained at about OfiO^O. 

The method is continuous. When AI 2 O 3 is used up, the 
resistance of the bath increases and then a lamp, which is 
shunted off the circuit, begins to glow. Fresh AI 2 O 3 is then 
added and the electrolysis goes on and aluminium formed is 
tapped off from the bottom from time to time. 
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Important alloys of aluminium are 

( 1 ) Aluminium, bronze, an alloy of A 1 and Cu. 

(2) Magnalium, an alloy of A1 and Mg. 

(3) Duralumin, an alloy of Al, Cu, Mg and Mn. 

These alloys can be prepared by melting down Al admixed 
'with the other metal or metals, in the right projjortion, in an 
inert atmosphere like that of carbon dioxide or in a reducing 
atmosphere with the addition of a flux. 

Uses of aluminium. —J'or ihe extreme lightness of the metal 
it is largely used for making air-ships and engine-parts. It is 
also used in the manufacture of utensils, surgical intruments, 
electric wires and cables (used in U.S.A.). It is used as a‘redu¬ 
cing agent in the production of Or, Si, Mn, etc., by Goldschmidt’s 
thermit process, in the manufacture of steel, for making light 
alloys like magnalium, duralumin, aluminium bronze, etc. It is 
also added to molten steel during casting in order to prevent 
formation of blow-holes. Al-powder is used as a paint for pre¬ 
serving iron articles against rusting as also in fire-works. 

Of the alloys of aluminium mentionedi aluminium bronze is 
used for making cooking utensils, photo frames and other orna¬ 
mental work ; magnalium is used for making cheap balances 
and other articles ; duralumin covered with a thin coating of 
pure aluminium is now used under the trade name of “alclad'’ in 
the construction of seaplanes. 

Q. 7. What happens luhen, (a) streams of ammonia an/i 
carbon dioxide gases are passed tnio a saturated solution of sodium 
chloride, (b) powdered slaked lime is mixed we.U with cMoi'i^e gas, 
ic) hydrated calcium sulphate ts dried at 120'"—130'*C. and the 
powder so obtained is made into a pa'ite with water, {d) into d 
mixture of ferric oxide and aluminium powder is thrust a piece of 
magnesium ribbon, ivhich is subseguentty lighted '? 

Represent the reactions involved by equaUonSt as far ygu 
can, 

Aus. (a) Sodium bicarbonate is precipitated and ammonium 
chloride is formed in solution, 

NaCl + HaO + CO 2 + NHs -NaHOO^ + NH 4 CI. 

[h) Powdered slaked lime takes up chlorine with the forma¬ 
tion of bleaching powder (calcium chloro-hypochlorite). 

Ca( 0 H) 2 +OI 2 =Ca(OGl)CH-HaO. 
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(c) Hydrated calcium sulphate (CaS 04 , 2 H 2 O) is converted 
at 120®—130®C. into Plaster of Paris, 20 aS 04 , HsO- 

2 (CaS 04 , 2H20) = (CaS 04 ) 2 , H 2 O + 3 H 2 O. 

The powder of Plaster of Paris, when made into a paste with 
water forms a hard mass on keeping. This is known as setting 
of Plaster of Paris. It is due to rehydration and re-conversiorr 
into hydrated calcium sulphate (GaS 04 , 2 H 2 O, gypsum). 

(CaS04)2. H20 + 3H20 = 2(CaS04, 2 H 2 O). 

{d) The mixture of ferric oxide and aluminium power is 
known as Thermit. When the mixture is set fire to, by means 
of magnesium ribbon being lighted, aluminium liberates iron 
from ferric oxide, and the iron so liberated melts due to exces-^ 
sive heat developed in the reaction. 

FogOa + 2A1 =-AlgOs + 2Fe. 

Q. 8, How would you recognise .whether a sample of water' 
was hard or soft ? How can the hardness of water he removed f 
Indicate hoio you would purify a sample of water (a) for drinking 
purposes^ (b) for industrial purposes. 

Ans. Hardness of water can be detected (l) by use of soap. 
Hard waijer will not easily form lather with soap, but much 
soap will be wasted before any lather appears with hard water. 

(2) By boiling the water or by adding lime, when in case of 
temporarily hard water a granular precipitate will be formed. 

(3) By adding NagCOa when permanently hard water will give a 
preoipitato. 

Bemoval of hardness :— 

(a) Temporary hardness can be removed by boiling when 
the soluble bi-carbonate of calcium and magnesium are con¬ 
verted into insoluble calcium or magnesium carbonates. On 
keeping, those settle down at the bottom of the vessel in which 
the water is boiled and the sample of water taken off from the 
top is soft. 

Call 2 ( 003)2 = CaCOs + H 2 O + COa 
(Hoi.) (insol.) 

MgH 2 (CO 3 ) 2 = MgCOa + H 2 O + CO 2 
(Sol.) (insol.) 

Temporary hardness can also be removed by Clark’s proc ess.. 
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In this process the requisite amount of lime in the form of 
lime-water or milk of lime is added to the temporarily hard 
water when soluble bicarbonate of Ca and Mg are converted into 
insoluble carbonates. 

CaHa(CO«)3 +Ca(OH)2 =*2CaCO« + 2HssO. 

In the case of the hardness being due to magnesium bicar¬ 
bonate, twice the quantity of lime-must be added, since magne¬ 
sium carbonate is soluble in water to a certain extent, whilst 
the hydroxide of magnesium is much less soluble. 

MgH3(COa)2 + 2Ca(OH)2 =Mg(OH)3 + 2CaC03 + 2HoO. 

Permanent hardness cannot be removed either by boiling or 
by CJark’s inocess. This kind of hardness is removed • by the 
addition of sodium carbonate (washing soda) when the soluble 
sulphates and chlorides of C,a and ^Ig present in permanently 
hard water are converted into the insoluble carbonates of Ca 
and Mg. 

CaCU + Na^COH -CaCOa + 2NaCl 
MgSO^ + Na»COa MgCOa -i- Na2vS04.. 

The modern Permutit Prom^'.—The moat modern' method for 
the removal of hardness, both temporary and permanent, is 
known as Gan’s Permutit Process. 

In this process bodies, called permutits, which are mixtures 
of aluminium silicate, sodium silicate (sodium alumino-silicate), 
etc. are employed. These silicate mixtures are called permutits 
because these have the capacity of exchanging bases. 

The method depends upon the fact that if hard water is 
filtered through a hod of permutit, the sodium salt present in it 
will react with soluble calcium and magnesium salts present in 
hard water, producing insoluble calcium and magnesium 
permutits and the filtrate, being altogether free from Ca and 
Mg salts, is soft. 

Sodium permutit + CaCJ 2 -»Ca-permutit+ NaOl. When the 
permutit bed, due to long use, is exhausted, it is re-activated by 
stopping the flow of hard water and passing a solution of 
common salt, NaOl, over the bed when Na-permutit is regene¬ 
rated according to the reaction. 

Ca-permutit -f NaCl->Na-permutit + CaCl 2 
Mg-permutit + N aCl“^Na-permutit + Mg0l2. 

16 
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Thus permutit can be regenerated and used over and over 
again. 

Purification of a sample of water for drinking purposes :— 

At first a little alum is added and the suspended matter 
I>re3ent in water is allowed to settle down. The clear water 
is then removed by decantation and finer particles of insoluble 
matter are removed by filtration through beds of sand, charcoal 
and gravel one after another. The clear water thus obtained 
is next sterilised by boiling (on a small scale) or by adding 
bleaching powder, or liquid chlorine, or by passing ozonised air 
through it, or by exposing it to ultraviolet rays from a mercury 
vapour lamp (on a large scale when jmre drinking water is to 
be supidied to a town). 

Pimjicat'ion of tcater for industrial purposes :— 

Water to be used as boiler-feed water should bo softened 
with care by adding lime and sodium carbonate and filtering 
off the ppt. formed. Water is often treated with sodium phos¬ 
phate before adding to boilers in order to prevent formation of 
hard boiler-scales. Water to be used for medicinal preparations 
and in photograi)hy is to be very pure and hence it is to be 
obtained by distilling ordinary water. For medicinal prepara¬ 
tions and injeciules twice or thrice distilled water is often 
required. 


FIRST PAPER—1948 

Q. 1. Fj.i'phvin and illustrate what you understand hy the 
normality of an acid oi base. 

What is meant by neutralization ? 25 c. c.’s of a solution cf 

sulphuric aad neii*raIi'iGs 22'o c. efs of a J-% solution of sodium 
carbonate. How would you reduce the strength of the acid to 

decinormal ? 

[Na-23, S = 32] 

Ans. Normality of the solution of an acid or base depends 
upon the multiple or submultiple of gram-equivalent of an acid 
or base being present in solution in 1000 c.c. of the solution of 
acid or base. By gram-equivalent of an acid we mean that 
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weight (in grams) of it, which contains 1 gram of replaceable 
hydrogen. By gram-equivalent of a base we mean that weight 
of it (in grams) which will just completely neutralise one 
gram-equivalent of an acid. The normal solution is usually 
indicated by (N) solution. Thus 2(N) solution of an acid or 
base IS that which contains 2 gram-equivalents of an acid or 

base dissolved in 1000 c.c. of the solution ; and ? solution is 

o 

that which contains Jth of the gram-equivalent of an acid or 
base in 1000 c. c. of the sciutiou. 

By neutralisation we moan the reaction between an acid and 
a base in solution when the two are brought in contact with 
each other with the production of water and salt only. 

In the light of the ionic theory, neutralization is the process 
of combination of H'*'-ions of an acid with the (OH)' - ions of 
ail alkali forming undissociated molecules of water. 

I-l+’l-Oir-HaO. 

Sum. 

4',o solution of sodium carbonate 

= 4 grams of sodium carbenato in 100 c. c. of the 
solution. 


Strength of sodium carbonate 


_40,, 


- since 53 is the equivalent weight of sodium carbonate. 

r)U 


Let iS be the strength of sulphuric acid. 
Then since, Vx S = Vi x Si, where 
Y-’-vol. of sulphuric acid 
S =-■ strengtli of ,, ,, 

Vi “vol. of sodium carbonate 
and Si — strength of sodium carbonate 


20 X S = 22-5 X 

63 

22*5 40 , , 

= 0‘679(N) 
/N\ 
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Thus G‘79 being the factor • here of solution 


1 c. c. of tho' 


N 

solution = 6*79 c. c. of^/r solution; 

10 


Hence every 1 c. c. of the solution is to be diluted with 
6*79 c. c. of water to give an exactly decinormal solution. 

Q. Iloio is ozone prepared in the laboratory ? Describe 
its jiroioerticd. How would you prove that ozone is condensed 
oxyqen and it& molecular composition is O3 ? Describe any 
reaction by tohich you can distinguish betiueen ozone ancb 
oxygen. 


fLUS. 

' Laboratory preparation.— Ozone is best obtained by exposinf> 
pure dry oxygen to the action of silent electric discharge in 
Siemens’ ozonisor which consists of two conceTitric glass tiihcs. 
The outer.tubeis coated outside and the inner lined inside with 
tinfoils. These tinfoils are connected with two binding screws 
which in their turn arc in connection wdth a iiiihmkorff’s coil. 
Dry oxygen is passed through the annular space in slow stream 
and a scries of silent electric discharge is passed. The gas corn- 
'ing out at tho exit consists of a mixture of oxygen and ozone. 

362 = 203. ■ 



Fig. 50. 

The yield of ozone is only 5 to 8%. 

• 

Propel^ties. Physical. —It is a pale blue gas with a fishy 
odour. Xt is slightly soluhlo in water, but readily dissolves in 
essential oils like oil of cinnamon or oil of turpentine. It is 
unstable and decomposes when heated to about 250®—300®C., 
being reconverted into oxygen. 
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Chemical ,—‘It is a powerful oxidising agent. It oxidises S, P 
and As to their highest oxyacida. 

S + HaO-J- SOa 7= HoSOi + 30i:.* 

It liberates halogens from their hydracids : 

2HC1 + O., = Cl o + H aO + Os. 

It also liberates iodine from neutral potassium iodide :• 

2KI + Ha0 + 03=2K0II + l2 + 02. 

It oxidises moist Is to ITIOs : 

I 3 + 5 O 3 + HsO = 2 HIO 3 + SOs. . 

Lead sulphide is oxidised l^y ozone readily to ■ lead sul])hate, 
the colour changing thereljy from black to white ; 

rh,S + 403=PbS0, +40.. 

In all these oxidation reactions, an equivalent- amount of 
oxygen is sot free. But in the oxidation ot JriOa to SO 3 and of 
hinds in HCl solution to Sndi, ozone is completely absorbed :• 


8 SOS + O 3 - 3 KO 3 . 

SBriCls + OnCl + O 3 3Snd.t + SlfsO. 


Ozone oxidises mercury to HgoO ; a drop of mercurj^ exposed 
to ozone loses its mohilily and sticks to glass’. • It bleaches* 


vegetable colours by oxidation. Ozono is catalytically decom¬ 
posed by f)xide9 of silver, iron, cohalt, etc. and by shaking it 
with powdered glass. I'jven metallic Ag, Pt and l^d dccomiioso 


ozone caialytically. 


That ozone is nothing hut condensed oxygen is proved .by 
the fact that when pure and dry oxygon enclosed ovey concen- 
tratofl sulphuric acid in a graduated vessel is subjected to* silqiit 
electric discharge, it is converted to ozonised oxyg’en with 'con¬ 
traction in volume as indicated by the movement of the'sulphuric 
acid level. This is also demonstrated in New+h’s * apparatus for . 
determining the volumetric comjiosition of ozone. 


The apparatus consists of two concentric glass tubes, the 
inner tube fitted into the outer tubo by a ground glass joint. The 
inner tube, which is nothing but an elongated hollow stopper, 
■contains dilute Ha SO 4 . The apparatus, previously filled with 
dry oxygen, is placed in a jar of water and crushed ice. . Two 
platinum wires are dipped into the two liquids, one in dilute 
HnSOj. in the hollow stopper, and the other in the jar contain* 
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ing iced water and are connected with the terminals of an 
induction coil. A little oil of turpentine is contained in a little 
sealed thin glass tube, almost capillary in bore, which is held 



Fig. 51 

in position between four little projecting glass points upon the 
hollow stopper and the outer tube, as shown in the figure. A 
manometer, containing concentrated sulphuric acid coloured with 
indi^fo, is in communication with the apparatus. The levels of 
concentrated K 2 SO+ in the manometer are adjusted, and the 
oxygen is ozonised by passing electric discharge. A contraction 
in volume results. When sufficient contraction has taken place, 
the discharge is interrupted, the apparatus is allowed to cool 
and the contraction is read off on the manometer gauge. The 
hollow stopper is then twisted, so as to break the tube of 
turi)entine, and after aborption of ozone is complete, the further 
contraction is read off. 

Experimental Besults : 

1st contraction on ozonisation "c. c. 

2nd contraction on absorption of ozone by oil of 

turpentine-= 2a; c. c. 
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Total dimmntion in volume of oxygen at the 
experiment = 3x c. c. 

And the volume of ozone formed = 2x c. c. 

Hence we conclude that 3 vols. of oxygen condense to give 
2 volumes of ozone. 

Deduction of Formula ' 

Lot bo the number ol molecules present in one volume 
of ozone. Then, by Avogadro's hypothesis, we got 3;j molecules 
of oxygen condense into 2 w molecules of ozone. 

Or, 3 molecules of oxygen condense into 2 molecules of 
ozone. But 3 molecules of oxygen contain 6 atoms of oxygen 
(for oxygon molecule is diatomic). Thus 2 molecules of ozone 
contain 6 atoms of oxygen. Hence its molecular formula 
is Os. 

This molecular formula for ozone has been confirmed by 
the determination of vapour density of pure ozone by Uiesenfekl. 
It has a density of 24 and so the molecular weight is 48, which 
tallies with the molecular formula O^. 

Also, on decomposition of ozone by heat, nothing but oxygen 
is obtained. Hence ozone is nothing but condensed oxygen. 

Ozone, as indicated above, is nothing but condensed oxygen 
and as such is an allotropic modification of oxygen of the formula 
O 3 . vSo all the chemical properties of oxygen are found to be 
present in ozone developed to a greater extent. The following 
reactions by which oxygen can he differentiated from ozone can 
bo mentioned.— 

(?) Freshly precipitated lead sulj)hide (black) is spread on 
a filter paper and treated with oxygen gas from a gas holder. 
No change in colour is noticed. ^Vhen ozonised oxygen is passed 
over it, the black lead sulphide is changed to white lead sulphate. 

PbS + 403=PbS04+402. 

(•/?) Oxygen is passed through acidified KI solution. No 
iodine is liberated, but on passing ozonised oxygen through 
acidified KI solution iodine is liberated. 
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Q. 3. How tuas fluorine isolated ? Give a neat sketch of the 
apparatus employed. Describe the properties of fluorine and 
compare them with those of chlorine. 

Ans. •Isolation of fluorine was carried out by Moissan by 
the electrolysis of a solution of potassium hydrogen fluoride, KF, 
HF in anhydrous hydrofluoric acid, HF. The apparatus consis¬ 
ted of a U'tubo made of an alloy of Platinum-Iridium, provi¬ 
ded with two side tubes and fitted with fluorspar stoppers. Two 
electrodes, made also of Platinum-Iridium alloy and thickened 
at the bottom, passed through the fluorspar stoppers. The 
whole apparatus was kept immersed in a bath of boiling methyl 
chloride- at about—23®G. The U-tube was f rd filled up with 
the electrolyte, a solution of KF, HF in anhydrous HF. On 
passing the current through the electrolyte HF underwent 
decomposition, Hy being liberated at the cathode and fluorine 
at tho anode. The fluorine was led through a spiral of plati¬ 
num kept immersed in boiling methyl chloride to remove any 
HF vapour bS' condensation. Tho gas was next passed Uirough 
a tubs of platinum packed with NaF which removed the last 
traco of JIF' vapour. Fluorine, thus freed from HF vaj)ouL', was 
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originally absorbed by Moissan in moist iron nails, but could 
be collected in a platinum vessel by the upward displacement 
of air. 
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Fluorine 


1. At. wt.—19 

2. Physical 
State—Gas 

3. Colour—Pale yellow 

4. Odour—Characteristic 
irritating smell 

5- fleavincss—slightly 
heavier than air. 

f). Solubility in water — ' 
Decomposes water with evolu- j 
tion of ozonised oxygen and ' 
formation of IIF. 

7. Action on animals— * 
Poisonous, attacks mucous i 
membrane of the throat and ; 
the nose. 

5. Compounds with oxy¬ 
gen—One definite oxide known, 
F 2 O, obtained by indirect com- i 
bination with Oo. Another j 
oxide, FyOg has also been | 
recognised. 

9. Action with Hydi'o- 
gen—The mixture with hydro- j 
gen explodes even in the dark j 
and at low temperatures form¬ 
ing HF. 


Chlorine 


1. ■ At wt.—35*5 

2. Physical 
State—Gas 

3. Colour—Greenish'yellow 

4. Odour—Pungent irri¬ 
tating smell. 

5. Heaviness— 2i times* 
heavier than air. 

(5. Solubility in w’ater— 
Fairly soluble. ’Th6 solution is 
called cliloi me water. 

7 . Action on animalp— 
Poisonous, attacks mucous 
membrane 01 the throat and the 
nose. 

8. Compounds witli oxy¬ 
gen— Several unstable oxidos 
known, CloO, CIO 21 ClaOc. 
ClaOr, all obtained by indirect 
combination with 02 * 

9. Action with Hydrogen— 
The mixture with hydrogen 
explodes when exposed to direct* 
sunlight forming HCl. 
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Fluorine 


10. Bleaching action—Has 
destructive action on vege¬ 
table colouring matter. 

11. Chemical activity— 
Most active element known. 

12. Properties of calcium 
salt—White, crystalline, imo’ 
luble. 

J3. Properties of silver 
salt—White soluhle. 


Chlori ne 


10. Bleaching action— 

Bleaches vegetable colour in 
j presence of water. 

I 

) 

: 11. Chemical activity— 

Less active than fluorine. 

12. Properties of calcium 
j salt—White, crystalline, solu¬ 
ble. 

13. Properties of Ag-salt— 
IVhite insoluble. 


Q. 4. Explain, giving exaw,'ples, what is meant by oxidation 
and reduction. Describe experiments to illustrate the oxidising 
properties of manganese dioxide and bromine, as well as the 
reducing properties of sulphur dioxide and sulphuretted hydrogen. 

Ans. Oxidation is defined as the process in which there is 
an increase in the proportion of oxygen or of an electro-negative 
element or radical in an element or a compound, or in which 
there is a decrease in the proportion of hydrogen or of an 
clectro-i)ositivo element or radical in a compound. 

Reduction is defined as the process in which tliere is an 
increase in the pro 2 :)ortion of hydrogen or of an electro-posi¬ 
tive element or radical in an element or a compound, or in 
which there is a diminution in the proportion of oxygen or of 
an equivalent electro-negative element or radical in a compound. 

Thus reduction is the reverse of oxidation. 

Thus when sulphur is burnt in oxygen, it is oxidised to 
sulphur dioxide. 

81-02“ SO.,. 
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When iron is hea ted in a stream of chlorine gas, it is oxidised 
to ferric chloride. 

2Fe + 3Cla“Fe2Clc. 

When hydrochloric acid is heated with manganese dioxide, it 
is oxidised to chlorine by removal of hydrogen. 

4nCl + MnOz = MnClz + Cl 3 + SHaO- 

Similarly, when hydrogen peroxide is added to potassium 
iodide, iodine is liberated and thus potassium iodide is oxidised. 

2KI + TIoOo-2KOH4-l2. 

When hydrogen gas is passed over heated coi)per oxide 
iblack), it is reduced to metallic copper (red) by removal of 
oxygen. 

CuO + no^Cu + HaO. 

When sulphuretted hydrogen is passed into iodine suspened 
in water, iodine is reduced to hydriodic acid by addition of 
hydrogen. 

n3S + l2 = 2HI + S. 

When ferric chloride solution (yellow) is treated with zinc 
and hyfirochloric acid, it is reduced to ferrous chloride (solution 
colourless) by nascent hydrogen. 

FoCl3+H = FcCl2 + nCl. 

When metallic potassium is heated in chlorine gas, chlorine 
is reduced to potassium chloride. 

2K + Cl2=2KCl. 

Oxidation will be seen to denote, from what has been said, 
an increase in the active valency of the central atom, as for 
example, when ferrous chloride is oxidised to ferric chloride, or 
stannous chloride is oxidised to stannic chloride. 

From ionic standpoint, if we take into consideration the 
reaction, 

2F0CI3 -h SnCla = 2FeClo + 8nCU 

it can he represented as 

‘2Fe+-- + + 8n++ =Sir+ 2Fe''^ 

Here it is evident that stannous ion is oxidised by the loss of 
two electrons which have passed to the ferric ions, reducing 
them to the ferrous state. 
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Hence, pxidation may be defined as a loss .of eleetrons and 
reduction as a gain in electrons. 

Oxidising properties of manganese dioxide and bromine :— 

Expt. Heat concentrated hydrochloric acid with Manganese 
•dioxide. Chlorine is evolved. Thus, by removal of hydrogen 
from hydrochloric acid, the hydrochloric acid is oxidised to 
•chlorine. Hence manganese dioxide oxidises hydrochloric acid. 

4HG1 + MnOa ^^MnCla +01^ + 2H2O. 

Expt. Take a little quantity of bromine water in a beaker 
and pass sulphuretted hydrogen gas through it. Sulphur 
separates. Sulphuretted hydrogen is oxidised, by removal of 
hydrogen, to sulphur. Thus bromine acts as an oxidising agent. 

noS + Br2-2HBr + S. 

Reducing proj)ertios of sulphur dioxide and sulphuretted 

hydrogen, • 

■ 

- Expt. Pass sulphur dioxide gas through a solution of 
potassium permanganate acidified with dilute sulphuric acid. 
■Potassium permanganate is reduced to manganous sulphate. 
The valency of manganese is reduced from 7 in permanganate 
■to 2 in manganous salt and hence reduction is effected. 

2 KMn 04 + 5 SO 2 +‘JH20 = K2S04 + 2MnS04, + 2 H 2 SO 4 . 

Expt. • Pass HijS gas through bromine water taken in a 
beaker. -Sulphur se])aratcs and the colour of bromine is dis¬ 
charged through the formation of hydrobromic acid. Thus by 
the addition of hydrogen to bromine the reduction of bromine 
.takes place, 

lIoS + Br2=2nBr + S. 


Q. 5, Defijie and illustrate any four of the following :— 

Decomjyosition, dissociation, electro-chemical equivalent, valency, 
dialysis, efflorescence and deliquescene. 

Ans. Decomposition is a process in which there is a perma¬ 
nent breaking down of molecules of substances into simpler 
components under the influence of physical agency like beat, 
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light etc., and the components do not recombine under changed 
or reversed conditions. 

Thus when ammonium nitrate is heated it decomposes into 
water and nitrous oxide and the products of decomposition do 
not recombine on cooling. 


NH4N0a=N20 + 2H20. 


Dissociation is a process of temporary splitting up of mole¬ 
cules of substances into simpler molecules or atoms under the 
influence of physical agency, which reunite under reversal of the 
physical conditions, the splitting taking place in such a fashion 
that a dynamic equilibrium is set up under all changed conditions 
between undecomposed molecules and the simpler compounds or 
elements formed from it. 

_ • 

Thus on heating, ammotiium chloride dissociates into ammo¬ 
nia and hydrogen chloride and on cooling original • ammonium 
chloride is reformed, but during heating an equilibrium condi¬ 
tion is set up depending upon temperature, when rate of decom¬ 
position of Nn^Ci and of recombination of NH3 and HCl formed 
is found to balance. 

Nn4Cl=iNH3 + llCl. 

Similar thing happens on heating phosphorus p'entachloride • 

PCIr,—PCI3+012 ; and of iodine, 

Ig^I + I. 

Electro-chemical equivalent of an ion or an element is that 
weight of it, in grams, which is liberated by the passage of 
one coulomb of electricity, i.e.t a current of ofie ampere 
flowing for one second through an electrolytic solution contain¬ 
ing that ion or the element. 

The electro-chemical equivalent of silver is 0*001118 gram, 
meaning thereby that one ampere of electric current flowing 
for 1 second through a solution of silver nitrate will liberate 
0*001118 gram of silver at the cathode. 

Valency of an element is defined as its combining capacity 
with other elements and is expressed as a number which 
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indicates the number of hydrojjen atoms or chlorine atoms with 
which one atom of the element can combine. 

Thus taking the following compounds in consideration, viz., 
(i) hydrogen chloride, HCl ; (i/) hydrogen sulphide, H2S ; 
(/tf) phosphine, PHg and (iv) methane, CH4, we find that in 
(i) one atom of chlorine combines with one atom of hyrogen, in 
(;^) one atom of sulphur combines with two atoms of hydrogen, 
in ('i'i'O one atom of phosphorus combines with throe atoms of 
hydrogen and in (tv) one atom of carbon combines with four 
atoms of hydrogen. So chlorine is considered to be monc- 
valent, sulphur bivalent, phosphorus trivalent and carbon tetra- 
valent. 

Valency is at jiresent considered to be of electrical origin and 
according to the octet theory it is defined as the tendency of 
an atom of the element mentioned to complete its octet in the 
outermost shell. Thus the atom of carbon with four electrons 
in the outermost slioll strives to complete the octet in tho 
outermost level either by aocejiting four electrons from other atom 
or atoms or by sliaring four more electrons witli atoms of other 
elements. Hence carbon is tetravalent. Sometiiru's an atom 
of an element lends all the electrons present in its outermost 
shell, thus exposing the completed octet in tlio ])Ciiultimate 
shell. Thus sodium, wliich has one electron in tlie outermost 
level, transfers that one electron to chlorine and thereby exposes 
the completed octet of tho ]u*nultimate shell. Thus sodium 
behaves as a monovalent element. Olilorine accepts that 
electron from sodium and thereby completes its outermost octet. 
Chlorine also tlius behaves as a monovalent element. 

V/dlyHia is the process by which a crystalloid is separated 
from a colloid by means of a semipermcahlo membrane which is 
capable of allowing the crystalloid molecules to ])ass through it, 
but not the colloid particles. 

Graham found that certain substance like gum, albumen, 
silicic acid, etc* in solution could not pass practically through 
parchment, animal bladder, etc., whereas certain other subs¬ 
tances like hydrochloric acid, common salt, nitre, etc., in solution 
readily passed through the parchment, animal bladder, etc. 
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Thus a shallow bell jar open 
piece of parchment ])aper or 
bladder, is kei)t partly immersed 
in water in another jar. Into 
the bell jar aqueous solution of 
sodium chloride or potassium 
iodide is taken alonj: wiih 
certain quantity of starch also 
in solution. After a time it is 
found that sodium chloride or 
potassium iodide has passed 
into the outer jar but particles 
of starch in solution is held 
back in the bell jar. 

The apparatus thus used is 
called a dialyser, and tliis pro- 


at both ends, but fitted with a 


C 
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cess of separation of starcli 
from potassium iodide or sodium chloride is called dialysis. 


Eftloie.scenp, is the i)henornenon observed when certain 
cr\ stalline substances in tho soliil state containing,' water of 
crystallisation lose their crystalline character by losing water 
jind fall to ]>owder when ex])osfcd to tlio atmosphere, e.g., crystals 
of washing soda., NaoCO:^, 1011 oO, lose 9 molecules of water 
when exposed to air and tail to powder giving NuoCOa, 112O. 


DoJiqncficence is the ])henomenon observed when ocrtiiin 
solid salts, on exiiosiire to air ahsorl) nioistuic from air and 
become moist, eventually turning into liquid, e.g., calcium 
chloride, magnesium chloride, etc. 


Q. 6. v.v the clifference in chemical ccnqwHit^'m and 

pluisfcal between oast iroii, icrought 'iron and slcal ? 

Stole their renjwrfive uses- 

Describe iico important methods by winch steel 'is prcjiared from 
cast 'iron. 

Ans. The main point of dilferoncc between cast iron, wrought 
iron and steel is in carbon content. Cast iron contains 2 6% 

of carbon as also other impurities like 8, P, Si, Mn» etc.; 
wrought iron contains no other impurity oxcejit carbon and 
that also to the minimum extent, viz., 0‘*i2“0'5%; steel 
contains carbon to the extent of 0*26 to 1*6%. Thus steel is 
intermediate in composition between cast iron and wrought 
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iroD, Wrought iron is the purest form of commercial iron^ 
whereas elements other than carbon are intentionally introduced 
in steel for modifying its properties. 

The main points of difference in physical properties are 
enumerated in the following table :— 


Physical 

properties. 

Cast iron. ! 

Wrought iron. 

Steel 

1. Melting 
point. 

1200'’C. 

1 

1 

1 

1500'’C 

1300° - 1400°C. 

'2. Brittleness 
or Malleability 

1 Brittle 

Malleable 

Malleable and 
Brittle. 

' 3i * Ilardness. 

j 

Plard 

i 

Soft 

Hard and soft. 

4. 'hftructure. 

1 Crystalline. 

Fibrous. 

Crystalline. 

5. Tempering. ’ 

Cannot be 
tempered. 

Can be 
tempered. 

Can be tempered. 

6. Porging 
and weld J rig. 

Cannot be 
forged or 
welded. 

Cannot be 
forged and 
welded. 

Can be forged 
and welded. 

7. Magnetisa¬ 
tion. 

Cannot bo 

permanently 

magnetised. 

Cannot be 

permanently 

magnetised. 

Can be perma¬ 
nently magne¬ 
tised. 

Useif i-J- 

For articles 
I3roduced by 
casting j and 
for the manu¬ 
facture of steel 
and wrought 
iron. 

In the manu¬ 
facture of 
articles 
required in 
husbandry in 
the manufac¬ 
ture of railway 

In the prepa¬ 
ration of cores 
of electro¬ 
magnets ; 
I)iaiio-wires, 
and wire¬ 
netting. 


lines, locomo- 
tivesi joists, 
cranes etc., in 
the manufac¬ 
ture of surgical 
instruments 
cutlery, etc. 
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The two important methods by which steel is prepared from 
oast iron are (a) Bessemer Process, both acid and basic, and 
(6) Open Hearth Process, both acid and basic. 

Bessemer Process :—At the present .time major portion of 
steel, in the first stage of production of sulphur-free steel, is 
produced by the Bessemer process. The process consists, in 
oxidising the impurities present in oast iron, by blowing a blast 
of air through the molten metal. The operation is carried out 
in a large pear-shaped vessel made of wrought iron plates 



Fig. 64 


rivetted together, known as a o^orwert&r* It is mounted on 
trunnions, so that the converter can be tilted in any position 
either vertical or horizontal, with its help. An air-chamber is 
fitted to the base, and through this air-chamber a powerful 
blast of air can be admitted. The converter is lined either 
with siliceous material (in acid Bessemer process) when the cast 
iron is free from phosphorus, or with burnt dolomite or magnesite 
(in basic Bessemer process) when phosphorus is present as 
impurity in cast iron. 

The converter is first tilted into the horizontal position and 
a quantity of molten cast iron directly from the blast furnace 
is run in. The blast of air is then started and the converter 
immediately swung back into a vertical position. Within a very 
short time the whole of the impurities are Wrnt away. The 
completion of the operation is sharply marked by the sudden 
disappearance of the flame from the open mouth of the converter. 

17 
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The blast is stopped at this stage in the acid Bessemer process, 
but in the ha&ic Bessemer process, the blast is continued for a 
few minutes even after the dropping of the flame and it is stated 
that during this after-blow phosphorus is removed. The con¬ 
verter is then once more tilted into a horizontal position and an 
exact quantity of molten spiegeleisen (a mixture of C, Fe and Mn, 
containing about 20 % Mn) is then added (in the acid process) 
to reoarburize the metal ; the blast of air is then turned on for 
a few moments inorder to mix the materials thoroughly. Next 
the contents are poured out into ladles. In case of phosphatic 
. cast-iron spiegeleisen is added after pouring the molten charge 
on to ladles> 

The reactions that occur are : Silicon is first attacked and 
' oxidised to silica, SiO^* Manganese present in cast-iron is then 
oxidised to MnO and this MnO and SiOg combine to form 
.manganese silicate, a slag. Iron is then attacked and the oxide 
-of iron formed attacks carbon i)roducing carbon monoxide. 
This’carbon monoxide burns at the mouth of the converter with 
sparks produced from iron burning to a certain extent. The 
heat produced from the oxidation of silicon to silica maintains 
the fnass in molten condition. In the basic process, phosphorus 
is oxidised at- the end of the operation during the afterblow into 
P0O5 and this P2O5 combines with the MgO and CaO of the 
lining, forming phosphates which are removed as slag and used 
as manure. In the basic process some lime is also added along 
with the charge of cast-iron inorder to keep the slag basic. 

Open Hearth Process :—Molten cast iron is run into the 
bed .of .the open hearth furance which is of the Keverberatory 
type, with the regenerator system fitted at the bottom. It is 
lined either with siliceous matter {acid process) or with burnt 
dolomite or magnesite (basic process). The furnace is heated 
witli the .help of producer gas. 

The. producer gas and air are strongly heated before being 
burnt by coming in contact with chequered brick-work, Bi and 

say, as shown in the figure, which are called regenerators 
and are heated by the hot waste gases of the furnace as shown 
in the figure. In the meantime two other such brick-work 
chambers Ka and H4 are heated by hot waste gases of the 
‘ furnace. When Bi and E2 cools down, producer gas and air are 
then turned on to Kg and K4 and after being pre-heated are 



1948] 


IKTSBMBDIATB CHEMISTBT 


259 


burnt and hot waste gases are now made to pas6 over Bt and 
B2 thus beating them. Thus the chambers*Bi, Bs, B3 and B4 
act as heat-regenerators. Scarp steel and pure haematite are now 
added at intervals to molten east iron on the hearth* Haematite 



Hot 
fommn 
90 $ 
hoatinf 
Mekmork 


Htated a/r 
to furnace 

Heated gaa 
to furnace 


Fig. 55 ' 

hastens the decarburisation of cast iron. When all the impuri-- 
ties are burnt away, Spienel is added in requisite amount to 
recarburise the iron. A.fterwards the molten steel is run ojBf by 
tilting the hearth and is cast into ingots. 

Q. 7 . Give the formula of the foUowimj subeiances. Describe 
their preparation and state their uses. 

(a) Bleaching powder, (h) calomoJ, [r) corrosive sublimate, 
id) green vitriol, (c) white lead. 

Ans. (rt) Bleaching —Ca(OCl)Cl. 

• • 

For the preparation of bleaching powder with the use 'of 
Deacon’s chlorine which contains only 8% of chlorine by volume, 
Hascenclever’s screw chamber is employed. It is madp. of* 
several horizontal iron tubes placed one above the other and 
joined at the ends. The upper tube is provided with a hopper 
for feeding in lime and there is an Archimedien screw arrange-* 
ment by means of which the lime can be pushed on. ' The- 
slaked lime, Ca(OH)2, containing not more thq,n 4 % of water, 
is fed in through the hopper and pushed on gradually through' 
the several tubes of the system. Chlorine is admitted at thh 
open end of the lowermost tube. In this way chlorine ^tnd 
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slaked lime is made to come into intimate contact and a very 
good bleaching powder is produced. 

Oa(OH)2 + Cls = Ca(OCl)Cl + H 2O. 



Fig. 66 

The bleaching powder formed is discharged at the end of the 
lowermost tube and is collected in iron drums which are sealed 
when full and sent out to the market. 

Bleaching powder is used as an oxidising, bleaching and 
chlorinating agent. It is also used as a disin^ctant. It has 
also germicidal properties and so employed in the sterilisation 
of water. 

(6) Calomel—Hg2Cl2. 

Mercurous chloride {Calomel)^ Hg2Cl2, is obtained as a curdy 
white precipitate when the solution of a soluble mercurous salt 
is treated with HCl or with the solution of a chloride. 

Hg 2 (N 03 )a + 2 HC 1 = HgaCU + 2HNO3 
Hg2(N03)2 +2NaCl = Hg2Cl2 + 2 NaN 03 . 

This substance is manufactured by heating an intimate 
mixture of mercuric chloride and mercury in an almost closed 
vessel. Hg20l2 sublimes off and condenses as a white cake in 
the upper part of the vessel. The sublimate is taken out and 
repeatedly boiled with water to free it completely from unchang. 
ed mercuric chloride, filtered and then dried. 

HgCla +Hg = HgoCl2. 
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Use. Oalomel is used in medieine as a purgative. 

ft 

(c) Corrosive sublimate—HgCl 2. 

Corrosive sublimate (mercuric chloride) is prepared by heat> 
ing a mixture of mercuric sulphate and common salt in long> 
necked dat-bottomed flasks made of burnt clay on a sand bath. 

HgSO* + 2 NaCl =HgCl2 +Na2S04. 

A little Mn 02 is added to prevent the formation of any 
mercurous chloride by the reducing action of organic matter 
present in common salt. After the reaction the flasks are 
cooled and then broken and the cake of mercuric chloride 
condensed on the upper part is removed. It is purified by 
crystallisation from hot water solution. 

Corrosive sublimste is used in medicine as an antiseptic, in 
dressing skins, furs, etc., and also as a reagent in the laboratory. 

{d) Green vitriol, FeSO*, 7H2O. 

Piano-wire, which is made of wrought iron, is dissolved in 
dilute sulphuric acid, the solution is filtered and the filtered 
solution is concentrated by evaporation, out of contact with air, 
till the crystallisation point is reached. 

Fe + H 2 SO 4 - FeS04 + Ha- 

On cooling crystals of green vitriol, having the composition 
FeSOi, 7H2O, separate out. 

Uses.—Green vitriol or Ferrous sulphate heptahydrate, is 
used in the preparation of writing ink ; in the manufacture of 
rmge : in dyeing industry ; and in medicine* 

(c) White lead, 2PbC03, Pb( 0 H) 2 . 

Manufacture of White lead by the Dutch Process :— 

• 

Pieces of lead are placed in earthen-ware pots having 
perforated shelves near the bottom, on which lead rests. Dilute 
acetic acid (vinegar) is taken in the pots. 

The pots are now placed, one above the other, with alternate 
layers of spent tan-bark or horse-dung, inside a shed, the lower 
pots being covered with planks of wood on which horse-dung or 
spent tanbark rests, and the whole stack is left*assuch for about 
6 to 8 weeks. 

Spent tan-bark or horse-dung undergoes fermentation ; CO2 
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is formed, and the heat generated volatilises acetic acid 'which 
attacks lead giving basic lead acetate. Basic lead acetate is 



' Fig. 57 

now decomposed by COj, producing basic lead carbonate (white 
lead) and acetic acid. The acid attacks more lead converting 
it into white lead and the cycle of changes is repeated. When 
all the lead is used up, the pots are taken down, the crust of 
white lead is detached, and is finely ground to separate it from 
any ‘unchanged lead. It is now washed well with water and 
dried. 

Reactions Horse dung or tan-bark serves two purposes :— 
(i) by putrefaction it keeps the pots warm, and thus acetic acid 
is volatilised, and («•/) it evolves CO3 which converts basic lead 
acetate into basic lead carbonate. According to the more 
recent theory about the reaction occurring in this process, lead 
is' converted into Pb(Oll)o by the moisture and oxygen of the 
^ir. Acetic acid dissolves Pb(OH}2 giving lead acetate which 
with more Pb(OH)2f forms basic lead acetate, Basic lead 
acetate, thus formed, reacts with CO2 giving white lead and 
acetic acid back, which again converts more lead into; basic lead 
acetate. Thus the process works in a cycle. 

(1) 2Pb + 2H20 + 0s« 2Pb(OH)« 

(2) Pb(OH)3 + 2CH3COOH -Pb(CH3COO)a + 2HaO 

( 3 ) Pb(CH, 000 ), + Pb(OH)s=Pb(OHaOOO) 2 , PMOHjj. 
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(4) SfPMOHsCOO),, PbCOH),] 4 2H,0 + 4CX), 

= 2(2PbCO,. Pb(OH)»] + 6CH,000H. 

Use : —White lead is used as a white pigment along with lin- 
seed oil either for oil-painting or for covering wooden structure. 

Q. 8. Explain, giving equations what happens, when : 

(а) Sulphur is heated with concentrated sulphuric acid ; 

(б) Carbon dioxide is passed through lime water till satura¬ 
tion and the mixture subsequently boiled ; 

(c) Chlorine is passed through a solution of sulphur dioxide : • 

(d) Ammonia is added to a solution of m&rcuric chloride, 

Ans. (a) When sulphur is heated with concenjirated sul¬ 
phuric acid, sulphur dioxide is evolved as gas and water is 
produced. S + 2 H 2SO1 = 3SO2 + 2H2O. 

Here sulphur is oxidised by sulphuric acid to sulphur dioxide 
and sulphuric acid is reduced at the same, time to sulphur 
dioxide. 

( 6 ) When carbon dioxide is passed through lime water till 
saturation, calcium carbonate, which is first formed as a white 
precipitate, dissolves forming calcium bicarbonate. ‘ 

Ga( 0 H )2 + CO2 «CaCOs + HgO . • 

white ppt. 

CaCOg +HaO + COa=CaH2(0O3)3. 

Soluble bicarbonate of calcium. 

Then when the mixture is subsequently boiled, calcium 
bicarbonate decomposes, evolving carbon dioxide and depositing 
insoluble calcium carbonate as a white precipitate. 

CaH2(003), = GaCOa H- GOg + HgO. 

white X)pt. 

(g) When chlorine is passed through a solution of sulphur 
dioxide, sulphuric acid is formed through the oxidation of 
sulphur dioxide and chlorine is reduced to hydrochloric acid. 
So ultimately we get a mixture of sulphuric acid and hydro¬ 
chloric acid. 

, SO2 + G 1 3 + 2 H 2O « H 2SOI + 2 HG 1 . 

(d) When ammonia is added to a solution of mercuric 
chloride, a white precipitate—called infusible ivhite precipitate 
(NHgHgGl) is formed along with hydrochloric acid and water. 

HgGl, +NH4.OH “NHaHgGl + HG 1 + HgO. 
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Q. 1. Describe experiments by which you can prove that there 
are at least two atoms of hydrogen in a molecule of water, 

Ans. When metallic sodium is thrown into water in small 
bits, hydrogen is evolved and a solution is obtained which is 
found to be soapy to the touch and is caustic and turns red 
litmus blue. It is a solution of sodium hydroxide. The reaction 
is usually represented by the equation 

2 Na + 2 H 2 O « 2NaOH + H 2 

Sufficient quantity of sodium is allowed to react with the 
water taken so that all the water has been used up and we have 
only caustic soda present. 

Then' the resulting substance, that is, caustic soda, is heated 
with metallic zinc. Hydrogen is again evolved as gas and a 
substance is formed which, on analysis, is found not to contain 
any hydrogen. The reaction is usually represented by the 
equation, 

2NaOH + Zn = Na2Zn02 + H2. 

Thus, it is found from the above experiments that hydrogen 
present in water can be expelled in two instalments from it. 
Hence it is inferred that water contains at least two atoms of 
hydrogen. 

Q. 2. How is sulphur dioxide prepared ? State its properties. 
How would you determine its gravimetric composition ? 

Ans. In the laboratory, sulphur dioxide is prepared in the 
following way :—Some copper turnings are taken in a flask fitted 
with a thistle funnel and a delivery tube. Concentrated 
H2SO4 is poured down the thistle funnel till the end of the fun¬ 
nel remains dipped under the surface of the acid. The flask is 
then placed on a piece of wire gauze and heated till the gas 
begins to be evolved. The source of heat is then removed and 
the gas is collected by the upward displacement of air. > The gas 
is fairly dry and pure, but may be further dried by passing 
through a wash bottle containing concentrated sulphuric acid 
and collected over mercury. 

Cu + 2 H 2 SO 4 « CuSO* + 2HaO + SO*. 
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Properties of sulphur dioxide :— 

Sulphur dioxide is a colourless gas with a suffocating odour 
of burning sulphur. It is heavier than air and extremely soluble 
in water. The gas can be easily liquefied. The gas is neither 
combustible nor ordinarily a supporter of combustion. But 
heated metallic potassium burns in it. 

4K + fiSOa = K 2 SO 3 + KaSaOs. 

Potassium 

sulphite Potassium thiosulphate. 

Lead peroxide, when heated and introduced into the gas, be¬ 
comes incandescent and lead sulphate is formed, 

Pb0a+S0a=PbS04. 

The solution of sulphur dioxide in water is acidic and perhaps 
contains sulphurous acid. HaO + SOf = 02808 . The acid 
cannot be isolated, for, on boiling, SO 2 escapes and water remains 
behind. When a solution of SO 3 is heated in a sealed tube-to 
160®C., sulphur separates and renders the solution opalescent. 

3H 3 SO 3 = S + 2H 2 SO 4 + H 2 O. 

Sulphur dioxide is a powerful reducing agent. It reduces 
ferric salts to ferrous salts ; chlorine, bromine and iodine to 
their hydracids, as also acidified permanganate and dichromate 
solutions. 

2 FeCla +SO 2 + 2 H 20 = 2 FeCl 2 ^-H^SO* + 2 HC 1 
Cl 2 + SO 2 + 2H 2 O = H 2 SO 4 + 2HC1 

I 2 + SO 2 + 2H aO = H 28 O 4 + 2H1, 

2KMn04 + 5 SO 2 + 2H 2 O = K 2 SO 4 + 2MnS04 + 2 H 28 O 4 
KaCraOr + SSOg + H 2 SO 4 =K 2 S 04 +Cr 2 ( 804)3 + 0*0 

It can bleach vegetable colouring matter in presence of 
moisture and the bleaching takes place either through the agency 
of nascent hydrogen by reduction or by direct addition of sulphur 
dioxide to the colouring matter. Under certain circumstances 
sulphur dioxide can act as an oxidising agent, for example, it 
oxidises sulphuretted hydrogen to sulphur— 

202S + SO2 = 2HaO + 3S. 

Qravimetric composition of sulphur dioxide :— 

The method for the determination of the gravimetric com¬ 
position of sulphur dioxide is exactly the same as that used for 
determining the gravimetric composition of carbon dioxide, for 
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which see p. 79, Q. 3, First Paper, 1943. The difference is that 
instead of pure sugar charcoal a sample of pure sulphur is to be 
taken in the porcelain boat. The product of combustion is sulphur 
dioxide and this is absorbed by the caustic potash solution in 
the potash bulb. It is found by actual experiment that 32 parts 
by weight of sulphur combine with 32 parts by weight of oxygen 
to form 64 parts by weight of sulphur dioxide. But 64 is the 
.molecular weight of sulphur dioxide, because the experimentally 
.determined value for its density relative to hydrogen is 32. 
Now 32 stands for 1 atom of sulphur and 32 in case of oxygen 
stands for two atoms of oxygen, since the atomic weight of 
oxygen is 16. Thus, in 1 molecule of sulphur dioxide there are 
1 atom of sulphur and 2 atoms of oxygen and therefore the 
formula for sulphur dioxide is 80^. 

• [N. B. This method does not give accurate results and so is 
never followed,] 

' Q.’ 3. How would you convert 

{aj Carbon dioxide into carbon monoxide and vice versa. 

' (6). Nitrogen into ammoiua and vice versa. 

(c) Chlorine into hydrochloric acid and vice versa. 

•Ans. (a) By passing carbon dioxide over a bed of red-hot 
‘ charcoal, it can be converted into carbon monoxide. 

* 002 + 0 = 200 . 

That 00 has been formed is proved by the fact that the gas 
burns with a lambent blue flame and is absorbed by HOl- 
sOlution of OuOl. When carbon monoxide is set fire to, it burns 
to carbon dioxide. 

200 + 0.3 = 2002 . 

That carbon dioxide has been formed is proved by the fact 
that it extinguishes a lighted taper and turns lime-water milky. 

{b) One volume of nitrogen is mixed with three volumes of 
hydrogen and the mixture is compressed to 200 atmospheric 
pressure and passed over an iron catalyst, with molybdenum as 
' propaot'er lieated electrically to a temperature of 560® - 700®0, 
Partial conversion into ammonia takes place. 

• •• N2+3Ha=2NH3. 

Ammonia formed is absorbed in water. That ammonia has 
been formed is proved by the smell, by the production of dense 
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white fumes with cone. HCl and red litmus being turned blue 
by the solution. 

Ammonia gas is passed over heated copper oxide placed in a 
hard glass tube, ammonia gas being admitted at one end of the 
tube and the gas issuing at the other end being collected by dis¬ 
placement of water. 

3CuO + 2NHa =“ 3H 2 O + 30u + Na. 

% 

That the gas is nitrogen is proved by the facts that. it. 
extinguishes a lighted taper, does not turn lime-water milky 
and is absorbed by heated magnesium. 

(c) Chlorine gas is mixed with an equal volume of hydrogen 
and the mixture is exposed to a flash of burning magiiesium 
ribbon. The gases combine with an explosion. The* greenish- 
yellow colour of chlorine has disappeared, and the resulting 
gaseous product is dissolved in water. 

Ho + Cla==2PJCl. . - 

That hydrochloric acid has been produced is proved by the 
facts that the gaseous product is extremely soluble in Water and 
that the solution turns blue litmus red. Also the solution’ gives 
a curdy white ppt. with AgNO» solution, insoluble in.HNOa 
but soluble in dilute ammonia solution. 

Hydrochloric acid is mixed with manganese dioxide _ and the 
mixture is heated. Greenish-yellow chlorine gas is evolved. 

MnOa + 4HC1 = MnCla + Cl 2 + 2H 2 O.. 

That the gas evolved is chlorine is proved by its greenish* 
yellow colour and its peculiar odour like that of bleaching 
powder. 

Q. 4. JVhai are the main features of the jyeriodic classification 
of the elements ? Indicate some of its important applications, 

Ans. The main features of the periodic classification are that 
in it elements are arranged in the order of their increasing atomic 
weights and thereby certain striking regularities are observed. 
Mendeleeff stated the regularities as a Law, known as Periodic ■ 
Law which ruus thus : “The physical and chemical properties 
of the elements and their compounds are periqdic functions of 
their atomic weights.” Mendeleeff arranged the elements known 
at his time according to their increasing atomic weights in a 
table, the elements being placed by him in horizontal rows and 
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vertical columns* In arranging the elements MendeleefF took 
into consideration the chemical similarity between elements and 
he arranged the chemically similar elements in the same vertical 
columns, called by him' Groups* In this way elements were 
arranged by him in 8 vertical Groups, numbered I to VIII. To 
this, after the discovery of the inert gases of the atmosphere, 
another group was added and named Group O. Afterwards 
Mendeleeff subdivided each group into two sub-groups, sub- 
gro^ A and sub-group B, depending upon chemical similarity. 

The horizontal rows were called by him Periods. The 
original numbering of Periods by Mendeleeff has undergone a 
thorough change and in the modern Periodic arrangements we 
have Period 1 consisting of two elements, Hydrogen and 
Helium ; Period 2 consisting of 8 elements from Lithium to 
Neon ^-Period 3, also consisting of 8 elements from Sodium to 
Argon. These are known as short periods. Period 4 contains 
18 elements starting from Potassium upto Krypton ; Period 5 
also consists of 18 elements, starting from Rubidium and ending 
in Xenon. .These two periods are called long periods. Period 6 
consists of 32 elements and contains 15 rare~earth elements in a 
cluster ip Group III ; this period is called very long period. 
Period 7 contains 6 radio elements, starting from the alkali 
metal analogue Frankium and ending in Uranium ; it is called a 
fragment<wy period. 

By this periodic arrangement of elements, certain regu¬ 
larities in physical and chemical properties of elements are 
brought to light. Elements belonging to the same sub-group show 
similarities and gradations in properties, both physical and 
chemical. Also as we pass on from element to element in a parti¬ 
cular period, the physical properties like melting point, boiling 
point, atomic volume show periodic waxing and waning. Also 
sucb chemical properties as clectro-chemical character and 
valency show regularities and return more or less to the same 
value in different periods under the same groups. 

Applications of periodic classification :— 

(1) Periodic classification of elements has systematised the 
study of Inorganic chemistry by rendering the study of 92 
different elements into a study of 9 vertical columns. 

(2) It has helped in the correction of doubtful atomic 
weights. For example, the atomic weight of Indium was 
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taken to be 76, being the second multiple of its equivalent 
weight 38, the valency of Indium being taken to be 2. But 
with that atomic weight Indium could not be accomodated in 
the periodic classification. Mendeleefi considered its chemical 
properties and suggested that the atomic weight of Indium was 
114, being the third multiple of its equivalent weight, its 
valency being 3* The subsequent determination of the atomic 
weight of Indium corroborated this change. 

(3) It has helped in the prediction of existence of hitherto- 
unknown elements with their properties. Thus Mendeleefif had 
to leave blank spaces in certain parts of his periodic table inorder 
to maintain chemical analogy. He stated that the elements 
occupying those places were not known, but some day those 
elements could be discovered. He named those elements with 
the prefix eka —and predicted their properties. Thus he was 
led to name the elements belonging to Group III and occurring 
beneath boron and aluminium as eka>boron and eka*alumi- 
nium and stated their properties as the mean of those elements 
surrounding them on four sides. These elements were subse*- 
quently discovered and named Scandium and Gallium and the 
properties predicted by Mendeleefif were found to be associated 
with them. 

(4) It has helped in the furtherance of chemical research 
by suggesting new analogies to be verified by experiments. ' 

Q, 5. How is phosphorus obtained on a large scale ? What 
are its uses ? 

Hov) is phosphine prepared ? Compare and contrast its 
properties with that of ammoma, 

Ans. Naturally-occurring calcium phosphate is now-a-days 
utilised for getting phosphorus on a large scale. A mixture of a 
phosphate, sand and coke is fed through feed-hopper into a clos¬ 
ed electric furnace made of brick-work provided with an outlet 
above for letting out the gases and phosphorus vapour, a slag 
hole at the bottom and carbon electrodes fitted a little above 
the bottom of the furance, an electric arc being struck between 
these carbon electrodes, producing a very high (emperature. 

The silica of the sand reacts at the high temperature of tho 
furnace with calcium phosphate producing oaleium silicate and 
phosphorus pentoxide, PaOs. 
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Caa(P64)9 + SSiOa =• SCaSiOg + P2O5. 

The vapour of PaOa'. is then reduced by carbon and carbon 
monoxide is formed and phosphorus is set free and is vapourised 
by the heat prevailing in the furnace. 

P 205 + 6G«2P + 600. 

Calcium silicate melts and sinks to the bottom from where it 
is run* off through the slag hole. Phosphorus vapour and carhon 



Fig. 58 

monoxide escape'through the outlet near the top and are passed 
into water where phosphorus vapour condenses and carbon 
monoxide, being insoluble in water, escapes as gas. Fresh 
mixture^is introduced through the feed-hopper and the process 
is continuous. 

Uses :—Phosphorus is largely used in the manufacture of 
matches. * The head of the common lucifer match is composed 
of white P, mixed with KNO 3 or some other oxidising agent. 
8 uch matches are now-a-days supplanted by safety matches^ the 
heads of which contain oxidising agents but no phosphorus. 
These ignite when rubbed on a surface coated with red 
phosphorus. 

White phosphorus is also used in the preparation of PaOg 
and of red phosphorus. Red phosphorus again is used in the 
laboratory for the preparation of HBr and HI as also in the 
preparation of phosphoric acid. A little amount is also used 
in making phosphor bronze, and as a rat>poisoD. 




INTEBM5DIATB CHEMISTRY 271 

• 

Preparation of phosphine :— 

A flask, provided with an inlet tube reaching nearly to its 
bottom and a delivery tube, is taken. The inlet tube is connected 
^ith a laboratory gas-tap or a hydrogen-generating Kipp’s 
apparatus. The delivery tube is connected with a gas-wash bottle 
-containing alcohol (not shown in the .figure.) The exit tube from 
the wash bottle is connected to another delivery tube which is 
•dipped under water in a pneumatic trough. 



Fig. 59 

A small quantity of white phosphorus and a 30 per cent, 
solution of caustic potash or caustic soda are taken in the flask. 
The air in the flask is then driven out by coal gas or hydrogen 
as the case may be ; otherwise explosion will take place. When 
all the air has been chased out, the flask is heated. Phosphine 
is produced, which is passed through a wash bpttle containing 
alcohol and is collected in gas jars by displacement of water, 

4P + 3NaOH + SH^O = 3NaH 2 PO 2 + PH 3 

Sodium hypophosphite 
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Alcohol in the wash-bottle removes whieh is also 

generated in the reaction, and which renders the gas sponta¬ 
neously inflammable. 

. If, however, the gas be. not washed with alcohol, and is 
allowed to bubble through water in the pneumatic trough, each 
bubble of the gas, as it comes out, catches fire and burns pro¬ 
ducing vortex rings of smoke as shown in the figure. 


Comparison of Phosphine with Ammonia. 


Phosphine, PH 3 


i Ammonia, NHa 

i 


(1) It is a colourless gas, 
with the smell of rotten fish. 

(2) ‘ It is heavier than air. 

( 3 ) It is poisonous- 

( 4 ) It is very slightly solu¬ 
ble in water i the solution is 

a 

non-alkaline and does not turn 
red litmus solution blue. 

(6) Phosphine is feebly 
basic, and produces phospho- 
nium compounds with halogen 
acids, specially under pressure. 
PH 3 + HI = PH*Ietc. 

( 6 ) It may be obtained by 
heating PH 4 I with alkalies. 


( 1 ) It is a colourless gas» 
with a very pungent odour. 

( 2 ) It is lighter than air. 

(3) It is of non-poisonous 
nature. 

(4) It is extremely soluble 
in water ; the solution is alka¬ 
line and turns red litmus solu¬ 
tion blue. 

(5) Ammonia is distinctly 
basic and gives ammonium 
compounds with halogen acids. 

NH 3 +HI=*NH 4 l etc. 

(6) It is obtained by iieat- 
ing ammonium salts with 
alkalies. 
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Phosphine, PH 3 Ammonia, HH 3 


( 7 ) Phosphine spontane- (7) Ammonia reacts with 

ously burns in chlorine chlorine with evolution of heat 

PHs + 4 CI 2 “PCls +3HC1 and light giving Na and ' some-' 

PHs+ 3 OI 2 *®P0l3 + 3HC1 times NCI 3 , when CI 2 is in 

excess. 

8NH3 + 301a = 6NH4OI + Na 

NH3 + 3Cl2 = NCl 3 + 3HCl 

(8) When phosphine is (8) When ammonia is pas- 

l^assed into metallic salt solu- sed into aqueous solutions of 
tions in water, phosphides of metallic salts, hydroxides of the 
the metals are precipitated* metals, are usually precipitated* 

3CuSO 1 + 2PH 3 = 3H 2 SO 4 CUSO 4 + 2NH 3 + 2H 2 O = 

+ CU 3 P 2 Cu(OH )2 + (NH4)2S04 

N.B. In excess of ammonia 
Cu(OH )2 dissolves. 
Cu(OH)2+4NH40H 
“ [Cu(NH8)J(OH)2 + 4H20‘ 
Deep blue solution. 

Q. 6. Name the principal ores of copper, Hotb is the metal 
extracted from its ores ? State the uses of the metal and that of 
its principal alloys. 

Ans. Important ores of copper are :— 

(1) Buby ore. Red copper ore or cuprite, CuaO. 

(2) Copper glance, CuaS. , * 

(3) Covellite or indigo copper, CuS. 

( 4 ) Copper pyrites, CuaS, PeaSa or OuFeSa* 

(6) Erythrite or purple copper ore, SCuaS, FeaSa* 

(6) Malachite, CuCOs, Cu(OH)2 

(7) Azurite, 2 CuC 03 , Ou(OH) 2 . 

Copper can be extracted either from its oxide or carbonate 
ores as also from its sulphide ores. The method of extraction 
depends upon the nature of the ore. In the cases of the oxide 

18 
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and carbonate ores of copper, the ore is first subjected to a pro¬ 
cess of calcination, whereby cupric oxide is fornaed. 

OuOOs, Cu( 0 H) 9 « 2 Cu 0 + C 02 +H 20 
3 GU 2 O + 02= 40u0- 

The black oxide of copper so fornoied is then mixed with 
anthracite or coke and a little sand (acting as a fluxing material) 
and the mixture is heated strongly in a hlaU furnace whereby 
tbe oxide is reduced to the metal. 

CuO + 0 = Cu + 00 
Cu0 + C0 = Cu + C02. 

The flux (silica) combines with the impurities and form a 
fusible slag. The molten slag is run off and copper produced is 
taken out. Copper thus obtained is then refined by the electro- 
'lytic process described below. 

Prom its sulphide ore. viz. copper pyrites, copper is extracted 
by thermal process. 

( 1 ) As the ore contains 4 to 5% of copper, a preliminary 
concentration is essential. The usual method employed is known 
as oil-floatation process. In this process the ore is first crushed and 
finely powdered. The powdered ore is next added to water 
containing a little pine oil, xanthate and lime and the mixture 
is churned by. blowing air through the mixture. By this opera¬ 
tion a froth is produced, which carries up along with it the 
particles of copper ore, these being preferentially wetted by oil, 
leaving sand and other impurities at the bottom, since these are 
preferentially wetted by water. The froth is collected by skim¬ 
ming and allowed to settle. By this means the concentration of 
copper in the ore is raised to 30 to 35%. 

( 2 ) The concentrated ore is next roasted in multiple-hearth 
furnace, the hearths being erected one above the other, so that 
the ore gradually decends from hearth to hearth. By this 
operation some of the sulphur in the ore is burnt to sulphur 
dioxide, which escapes as gas and the metals, viz., iron present 
in the ore and copper are partially oxidised. 

CU 2 S, 1*6289 + O 2 = OU 2 S + 2FeS + SO 2 
OU 2 S, FegSs +402 = 0028 + 2 Fe 0 + 3S02 
2OU2S + 3O2 = 2OU2O + 2SO2, 

• this last reaction occurring only to a very small extent. 

(3) The roasted ore is next mixed with coke, sand (or slag 
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from sab 9 equ«nt operations) and a little quantity of lime and the 
mixture heated in a water-jacketed blast furnace when the little 
quantity of GusO foriaed in the previous operation reacts with 
the unchanged iron sulphide giving CuqS and FeO. 

■GuaO + FeS * OuaS + FeO. 

The ferrous oxide so formed and also produced during roast¬ 
ing operation reacts with sand or silica, giving a slag of ferrous 
silicate, FeO + SiOa^FeSiOs. The slag is removed and the 
residue obtained consisting of cuprous and ferrous sulphides is 
known as matte* 

(4) The molten matte, mixed with a little sand,, is then 
directly run into a converter of the Bessemer type, but with 
this difference that the air-ports are situated a little ‘ above the 
bottom level. A blast of air is next introduced through the air¬ 
ports. Iron is first oxidised to ferrous oxide, FeO, which com¬ 
bines with the silica forming a slag of ferrous silicate as before. 
The slag is removed and the blast continued, whereby CU 2 S is 
partially oxidised to OU 2 O. When two-thirds of the matte is 
thus oxidised, OU 2 O reacts with unchanged CU 2 B giving rise to 
metallic copper and sulphur dioxide. The slag is removed, the 
blast is stopped and the converter tilted to pour off molten 
copper. This copper, on cooling, is found to have a blistered 
appearance due to escape of sulphur dioxide and is known as 
**hlistered copper', 

2CU2S + 3O2 = 2CU2O + 2BO2 
Cu2S + 2Cu20 = 6Cu + S02. 

(6) Blistered copper is now-a-days refined by an electrolytic 
method. 

* I 

Thick blocks are made from blistered copper and are sus¬ 
pended from a metal rod into a bath of copper sulphate solution, 
acidified with 15% of sulphuric acid, and contained in a lead- 
lined wooden vat. The metal rod carrying these thick slabs is 
connected to the positive pole of a battery and is thus made the 
anode. Thin plates of pure copper are suspended in the same 
bath from another metal rod which in its turn is connected to 
the negative pole of the same battery and is thus made the 
cathode. These thin plates are so arranged that they are 
alternately inserted between the thick blocks. On passing electric 
current through the bath of copper sulphate, copper from the 
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thick slabs is passed into solution as ciapri'e ions and pure copper 
is deposited from the bath on the pure copper sheets serving 
as cathodes. Impurities present either pass into solution or are 
deposited at the bottom of the bath near the anodes as anode 
mud. Copper, thus obtained as a deposit on the cathode, is 
99*99 per cent. pure. 

Uses of Oopper :—Copper is used largely in electric industry— 
in electro-typing, for cables and wires for conveying electric 
current ; in th.e preparation of household utensils, for coinage 
and for the preparation of important alloys, like brass, bronze, 
German silver, etc. 

Brasa is an alloy of copper and zinc. It is used for making 
utensils, cartridge cases, etc. 

Bronze is an alloy of copper and tin. It is used for making 
medals, statues, ornaments. It is also used in coinage, in which 
case it also contains zinc along with copper and tin. 

G&t'man silver is an alloy of copper^ zinc and nickel. It is 
used fqr preparing ornaments, utensils and other decorative 
articles. 

, Q. 7. Hoiu yon wot^ld test for the basic and acidic radicals 
in the following substances :~{a) Silver nitrate; (6) Mercuric 
chloride; ,{c) Zinc sulvhate; (d) Sodium iodide; (e) Lead 
parbonale ? 

Ans. {a) * Basic redical—Silver, {i) Thy tesL—^hcn a little 
, of the s^ubstance is mixed with Na 2 G 03 and the mixture taken 
in a charcoal groove is heated in the reducing blowpipe flame, 
a brilliant button of metallic silver is obtained. The button is 
found to be malleable, but it does not mark paper. It is soluble 
in HNO 3 . 

(n)- Wet test. When dil. HCl is added to a solution of the 
Substance in distilled water, curdy white ppt. of AgCl is 
obtained. The precipitate does not dissolve in boiling water 
nor in cone. HNO3, but dissolves readily in NH 4 OH. This 
confirms Ag. 

Dry test for nitrate, —A little of the salt is heated in a tost- 
^ tube with cone. H 3 SO 4 and copper turnings when brown fumes 
are evolved. With cone. H 2 SO 4 alone no brown fumes are 
evolved—proving absence of bromide. 
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Wet test for nitrate, —A little quantity of water solution of 
the salt is taken in a test-tube and cone. H 2 SO 4 , is added to it. 
Then bolding the test-tube in a slanting position under a tap of 
running water, a freshly prepared solution of ferrous sulphate 
is added to it. A brown ring appears at the junction of cone, 
H 2 SO 4 and ferrous sulphate solution. The brown ring is due 
to NO being formed by reduction of HNO« by h'eSO^ and its 
subsequent absorption by FeS 04 sol. forming FeSO+i NO. 

(h) Basic radical—Mercury. (^) Dry test. —The solid salt 
is intimately mixed with soda lime. The mixture is taken 
in a bulb-tube and then heated. A beautiful white mirror is 
produced in the upper colder part of the tube. On scratching 
with a glass rod, globules of mercury are formed and can be 
collected on a piece -of paper. 

(n!) Wet lest —To the solution of HgCl.^ in water, dil. HOI is* 
added. The absence of any jirecipitate shows the absence of 
Pb, Ag or Hg (ous) salts. The acidified solution . is then heated 
to boiling and through the hot solution Il^B is passed in ‘slowly. 
At first a white ppt. is formed, which gradually becomes yellow, 
then brown and finally black. The black ppt. is filtered, washed 
and then dissolved in aqua regia. The excess of * acid is 
destroyed by addition of NasCOs and then in the faintly acid 
solution a co})per foil is placed. A grey deposit is formed on« 
the copper foil, which turns white on rubbing hnder water. 
This confirms mercury. 

Acidic radical—Chloride, (t) Dry test. —The solid * salt is 
mixed with NagCOs and heated for a while. The residue is 
extracted with water and evaporated to dryness. This Is mixed 
with MnOa and cone. UgSO,! in excess and heated, when 
chlorine is evolved which is recognised by its greenish yellow 
colour and odour like that of bleaching powder. («V) Wet test .—■' 
To a solution of the substance in water AgNOs solution is added. 

A curdy white ppt. of AgCl is produced which is insoluble in 
cone. HNOs but soluble in NH 4 OH. This confirms chloride.' 

(c) Dry test for zinc :— 

A little quantity of the salt is taken on»a charcoal block 
ftnd heated strongly in the oxidising fiame. An incandescent 
white mass is obtained. This is cooled and moietend with a 
drop or two of cobalt nitrate solution and heated again in the 
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oxidising flame. A green mass is obtained known as Minmanns 
green. This confirms the presence of zinc. 

Wet test for zinc :— 

A little of the salt is dissolved in water and then drl. HCI 
added* No ppt. indicates the absence of Gr. I metals. The 
solution containing HCI is then heated and H2S passed in. No- 
ppt. shows absence of Gr. II metals. H2S is boiled off, 
a drop or two cone. HNO3 added and the mixture boiled. 
Then solid NH4CI and then NH4OH are added. No ppt. 
indicates absence of Gr. III-A metals. Then the ammoniacal 
solution is treated with H2S. A white ppt. is obtained. The 
ppt. is filtered, washed and then dissolved in HCI, removing all 
H2S by boiling. Then NaOH solution is added gradually. At 
first a white ppt. appears but this dissolves on addition of more 
NaOH. This confirms the presence of zinc. 

Dry test for sulphate :—A little quantity of the salt is mixed 
with charcoal powder and taken in a groove mad© into a charcoal 
block. The mixture is next heated under the reducing blow-pipe 
flame. Jhe residue is next taken in a test tube and heated with 
a little NaOH solution, A drop of the filtered solution is then 
added to a freshly prepared solution of sodium nitroprusside 
taken in a test tube. An intense purple violet colour is developed 
in solution, which is due to an alkaline sulphide in the drop of 
the solu£ion added. The sulphide is produced from the sulphates 
by reduction. 

Wet test for sulphate :—An aqueous solution of the sample is 
taken and to it silver nitrate solution is added. No precipitate 
is.formed, showing the absence of chloride, sulphide, carbonate. 
To another portion of the aqueous solution of the sample taken 
in a test tube, a solution of barium chloride is added. A heavy 
white precipitate, insoluble in HCI, both dilute and concentra¬ 
ted, is produced. Thus, the presence of sulphate as the acid 
radical in the sample, is confirmed. 

(d) Test of sodium :—There is no wet test for sodium. 

Dry test :—A little of the sample is taken on a Pt-wire well 
cleaned by dipping in cone. HCI and holding in non-luminous 
Bunsen flame several times till a colourless flame is obtained. 
The sample is then taken on Ft-wire moistened with cone. HCI 
and. held in the non-luminous Bunsen flame. The flame is coiour- 
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ed golden yellow. The flame coloration completely disappears 
when viewed through double blue glass. This confirms the 
presence of sodium. 

Dry test for acidic radicalt Iodide, —Mixed with manganese 
dioxide and cono. H 2 SO 4 and heated in a test tube, violet 
vapours of iodine are evolved proving the presence of an iodide. 

Wet test for acidic radical* Iodide, —A little of the salt is 
dissolved in water in a test tube and to it AgNOs solution 
is added when a yellow ppt. insoluble in HNOs as also in 
ammonia, is produced. This shows the presence of an iodide. 

(e) Basic radical— Lead — {i) Dry test, —The substance is mix< 
ed with Na 2 C 03 and the mixture is heated on charcoal under 
the redttcing blow-pipe flame. A soft metallic bead with lemon- 
yellow incrustation is obtained. The bead is malleable and 
marks paper, (ii) Wet test. —Lead carbonate .is insoluble in 
water and so it is dissolved in dil. HNOs. The solution is 
evaporated to dryness and the residue is extracted with water. 
To the solution dil. HCl is added. White precipitate is obtained. 
On boiling with water the precipitate dissolves completely and 
on cooling white crystalline ppt. is again formed. This confirms 
lead. Purther, on adding K1 to the hot solution of Pb 0 l 2 » 
golden yellow ppt. of Pbl 2 is formed. The yellow ppt. of l^bl 2 
dissolves on boiling with water, and on cooling the solution 
golden yellow spangles of PbU is obtained, which confirms lead. 

Test for carbonate, —On adding dil. HCl to a little of the salt 
in a test-tube, effervescence occurs. The test-tube is next 
fitted with a cork through which a bent delivery tube is passed. 
On adding more salt and more acid, the gas is evolved and 
passed into lime water. The lime water is turned milky showing 
the presence of a carbonate. 

Q. 5. 20 c, c,*s of a gaseoiis hydrocarbon are exploded with an 

excess of oxygen. The contraction observed is 30 c.c* When treated 
with a solution of KOH, there is a further contraction of 40 c.c.’s. 

What is the molecular formula of the hydrocarbon ? 

Ans. It can be proved that : 

Immediate contraction on explosion ^ volume of Hydrocarbon 
taken + the volume of oxygen used up—the volume of carbon 
dioxide produced. 

Here this immediate contraction is given to be 30*0 o.c. and 
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the volume of CO 2 produced is 40 c.c. as observed from KOH- 
absorption. 

. 30 *=* 20 + the volume of oxygen used up - 40 

the volume of oxygen used up in the explosion 
(80 + 40 - 20) c.c, “ 60 c.c. 

Now since carbon dioxide contains its own volume of oxygen, 
40 c.c. of carbon dioxide must have been formed by taking up 
40 c.c. of oxygen. Then, of the 60 c.c. of oxygen used up, 40 
c.c. have gone to produce CO 2 and the remaining 10 c.c. 
have combined with hydrogen of the hydrocarbon. Now 10 c.c. 
of oxygen can combine with 20 c.c. of hydrogen. That is, the 
hydrocarbon contains its own volume of hydrogen. 

Thus, 1 vol. of hydrocarbon contains 1 vol. of hydrogen. 
Then, if n be the no. of molecules present in 1 vol. of hydro¬ 
carbon, 

n mols. of hydrocarbon contain n mole, of hydrogen 
• [Avogadro’s hypothesis! 

oi», 1.mol. of hydrocarbon contains 1 mol. of hydrogen, ?.e. 

2 atoms of hydrogen (since hydrogen molecules 
are diatomic) 

, . . the formula for the hydrocarbon may be written as 

where a?.is an integer. 

Ndw to determine x :— 

20 c.c. hydrocarbon, on explosion, give 40 c.c. of OO 2 
or, 1 vol. of hydrcarbon, on explosion, gives 2 vols. of COo. 
Let n be the number of molecules present in 1 vol. of the 
hydrocarbon. 

Then n mols. of hydrocarbon, on explosion, give 2n mols. of 

CO 2 [Avogardo’s hypothesis], 
or, 1 mol. of the hydrocarbon, on explosion, gives 2 mols. of 
COo. 

Now 2 molecules of carbon dioxide contain 2 atoms of carbon 
and these two atoms of carbon must have come from 1 molecule 
of the hydrocarbon. 

Hence a? —2, and the formula for the hydrocarbon is C 2 H 2 . 
The hydrocarbon is acetylene, C 2 H 2 . 
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FIBST PAPER 

Q. 1. State OayLussac*s law of gaseous volumes and Avoga- 
dros hypothesis ; show how they can he related to Daltons atomic 
theory illustrating your ansioer hy examples. 

Calculate the percentage composition hy volume of a mixture of 
carbon monoxide and methane^ 10'5 c.c. of lohich j'equires 9 c,c. of 
oxygen for complete comhustion. 

Ans. ‘*Wheii gases take part in chemical changes the 
volumes of the reacting gases and those of the 'products if 
gaseous, are in the ratio of small whole numbers, the volumes 
all being measured under the same condition of temperature and 
pressure.”—This is Gay-Lussac's law of gaseous volufnes. 

“Equal volumes of all gases and vapours, both elementary 
and compound, measured under the same conditions of tempera¬ 
ture and pressure, contain the same number of molewiles**’— 
This is Avogadro’s hypothesis. 

Gay-Lussac’s law of gaseous volumes is based' upon experi¬ 
ments. It was thought that Dalton’s Atomic theory would 
provide a simple explanation of the experimental facts discovered 
by Gay-Lussac. But when Berzelius hazarded a. hypothesis in 
• order to correlate Dalton’s Atomic theory with Gay-Lussac’s 
Law, viz. ** Equal volumes of all gases under corresponding .condi¬ 
tion of temperature and pressure contain the same number of atoms,"’ 
[Dalton used the word “atom” for the smallest particle of both 
elements and compounds, the only difference being made by using 
the “compound atom” for the ultimate particles of compounds.] 
his hypothesis failed to supply proper explanation for Gay- 
Lussac's Law, because it was based upon a false reasoning. The 
difficulty is seen by applying the above hypothesis to th’e 
composition of steam. 

Gay-Lussac found by actual experiment that 2 vols. of 
hydrogen combine with 1 vol. of oxygen to form 2 vols. of 
steam. 

Let “n” be the no. of “atoms” present in 1 vol. Since equal 
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Tolumes of all gases, under similar conditions of temp, and 
pressure, have the same number of atoms, 2n atoms of hydrogen 
combine with n atoms of oxygen to form 2n atoms of steam 
or, 2 atoms of hydrogen combine with 1 atom of oxygen to form 
2 atoms of steam. 

An atom of steam contains ^ atom of oxygen. But accor¬ 
ding to Dalton's atomic theory atoms are indivisible and so* 
oxygen atom cannot be supposed to be split up into 4 atom' 
during the production of steam. Hence Berzelius* theory fails. 

Avogadro, for the first time, drew up a difference between the 
ultimate particles of elements which can take part in chemical 
•reaction, and the ultimate particles of both elements and com¬ 
pounds which can exist in the free state, retaining all the 
properties of those elements and compounds. He called the 
former “atom” and the latter “molecule”. The hopothesis advan¬ 
ced by Avogadro has already been stated. When applied to the- 
composition of steam stated above, if be the number of 
molecules present in one volume, then we have 2m molecules 
of hydrogen combine with n molecules of oxygen to produce 2?t 
molecules of steam. Hence 2 molecules of hydrogen combine 
with 1 molecule of oxygen to produce 2 molecules of steam. 

Now if we suppose that each molecule of oxygen contains at 
least 2 atoms of oxygen, which is quite possible, since molecules 
are not supposed to be indivisible, we get each molecule of steam 
to be formed with at least one atom of oxygen and Dalton's 
atomic theory is not violated. 

Thus Dalton's atomic theory stands modified in the follow¬ 
ing way due to the discovery of Gay-Lussac's law of gaseous 
volumes and Avogadro’s hypothesis :— 

1 . Substances (elementary and compound) are made up of 
molecules, i.e. ultimate particles capable of separate existence ; 
and the molecules are composed of indivisible particles called 
atoms. 

2. The molecules of a particular substance are similar to 
one another and possess the same properties *and the same mass, 
but the molecules of different substances differ in properties as 
also in mass. 

3* The molecules of an element consist of atoms which are 
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all alike, but the molecules of a compound consist of atoms 
which are not all alike. 

4. When chemical reaction takes place between two or more 
substances, the molecules of each substance are first disintegra¬ 
ted into atoms, and then the atoms combine together in definite 
proportion to produce new molecules of the new substance or 
substances formed. 

Let X c.c. be the volume of carbon monoxide. Then, the 
volume of methane = (10*5-a;} c.c. 

Now, from the equations^— 

2C0 + 02«2C0a 
2 vols. 1 vol. 

and CH 4 + 2 O 2 «COs + 2 H 2 O 

1 vol. 2 vols. 

we knew that CO requires half its volume of O 2 for complete 
combustion and CH^ requires double its volume of oxygen for 
complete combustion. 

Hence x c.c. of CO will require ^ c.c. of O 2 for combustion 

and ( 10*6 “ a?) c.c. of CH 4 will require 2 x (10*5 - a;) or (21 - 2a;) 
c.c. of O 2 for complete combustion. 

Then, by the question, we have 

|+21-2® = 9 
whence a; = 8. 

Hence volume of CO in the gas-mixture is 8 c.c. and the 
volume of methane = 10*6 - 8, or 2*6 c.c. Hence the composition 
by volume of gas mixture is 

00 - ~ - X 100 or 76'2 % app. 

10-6 

OH 4 - X100 or 23'8 % app. 

10 5 

Q. 2. Describe an experiment to prove that hydrogen sulphide 
is a compound of hydrogen and sulphur, and that it contains its 
(yum volume of hydrogen. How would you prove that its molecular 
formula is given by H^S ? 
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An excess of ferrous sulphide was added to 126 c.c. of dilute 
sulphuric acid and the volume of hydrogen sulphide set free 
measured 660 c.c. at O^C. and 760 mm» Calculate the normality 
of the acid, 

Descrihet giving equations^ the action of hydrogen sulphide on 
{a) an aqueous solution of causitc soda, (b) an aqueous solution of 
lead nitrate, 

Ans. Experiment to prove that hydrogen sulphide is a com- 
p.ound of hydrogen and sulphur ‘—A straight eudiometer tube 
is taken with two Pt-wires sealed near the closed end. The 
tube is filled with mercury and is inverted over a trough of 
mercuty. A certain volume of sulphuretted hydrogen is collected 
in the tube * by displacement of mercury. The enclosed sul¬ 
phuretted hydrogen is then subjected to electrical sparking by 
joining the two Pt-wires to the terminals of an induction coil. 
A yellow solid.is deposited on the inner side of the tube and a 
•certain gas remains inside the tube. That the gas is hydrogen 
is proved .by the fact that it burns in air giving water only and 
is absorbed by palladium. The yellow solid is taken out on a 
4;las3 rod and burnt in air when the smell of burning sulphur is 
recogniaed,’proving thereby that the yellow solid is nothing but 
Bulphur. Thus it is proved that sulphuretted hydrogen is a 
■compoun,d of hydrogen and sulphur. 

A thumb-tube is completely filled with mercury and inverted 
over mercury in a trough. A few c.c. of dry sulphuretted hydro¬ 
gen is.oollectod in the tube by displacement of mercury. The 
volume iif carefully marked by means of a rubber ring after 
adjusting the mercury level to the same position inside and 



Fig. 60 

outside the tube, A piece of metallic tin is introduced into the 
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horizontal part of the tube and it is heated by a burner from 
outside. Tin combines with sulphur of sulphuretted hydrogen 
forming tin sulphide and liberating hydrogen. After allowing the 
tube to cool to the ordinary temperature, the mercury level is 
adjusted and found to stand at the same level as before. The 
residual gas is proved to be hydrogen by the facts that- it burns 
with a scarcely visible blue dame with the production of water 
only and is absorbed by metallic palladium. Hence, the volume 
of hydrogen liberated is equal to the volume of sulphuretted 
hydrogen decomposed, or sulphuretted hydrogen contains its* 
own volume of hydrogen. 

Then we have, 1 vol. of hydrogen sulphide contains 1 vol. of 
hydrogen. Let be the number of molecules present in each 
volun :.0 of gas. Therefore molecules of hydrogen sulphide 
contain n molecules of hydrogen (Avogadro’s hypothesis). 
Hence, 1 molecule of hydrogen sulphide contains 1 molecule or 
2 atoms of hydrogen, since hydrogen molecule is diatomic 
(Deduction from Avogadro's hypothesis). Thus, the formula 
for hydrogen sulphide is where x is an integer. Now 

since the density of hy<lrogen sulphide is 17 (Experimental) its 
molecular weight is 2x17 = 34 (Deduction from Avogadro’s. 
hypothesis). 

Now, of the 34 parts by weight of hydrogen sulphide, 2 parts • 
is accounted for by 2 atoms of hydrogen ; the remaining 32 parts 
are to be accounted for by x atoms of sulphur. Now.32 is the 
atomic weight of sulphur and it can stand for only one atom of 
sulphur. Therefore a; = l, and the molecular formula for hydro¬ 
gen sulphide is H nS. 

The sum :— 

From the equation 

FeS + H 2 SO 4 = FeSO 4 + H 2 8 
98 34 

we know that 34 grams of H 2 S can be obtained by the use 
of 98 grams of sulphuric acid. Now 34 grams of H 2 S.occupy 
22'4 litres at 0®G. and 760 mm. pressure ( at N. T. P. ) 
since molecular weight of any gas expressed in grams occupies 
2i’4 litres at N.T.P. Therefore 22400 c.c. of H 2 S at 
at O^C. and 760 mm. can be obtained from 98 grams of 
sulphuric acid. Hence 660 c. 0 . of H 2 S at 0®C. and 760 mm. 
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98 49 

cfan be obtained from ^ gram or ^ grama of 

H 2 SO 4 . Thus, in 125 c.c. of dilate salphuric acid used, 
are present ^ grams of H 2 SO 4 . Therefore, in 1000 c.o. of 

49 

•dilute sulphuric acid used, there are present 20 ^ ^ grams, or 


49x2 


grams of sulphuric acid. 


Now, normal solution of sulphuric acid contains 49 grams 
of sulphuric acid in 1000 c. c. of the solution. 

Hence, the strength of the dilute sulphuric acid used *= 

5x49 0 

(«) On passing hydrogen sulphide into an aqueous solution 
of caustic soda, at first sodium sulphide is formed, but on passing 
ercess of hydrogen sulphide, sodium hydrosulphide results. 

2NaOH + H 2 S = Na oB + 2H 2 O 
NaOH + H aS = NaHS + H 2 O. 

Both NaaS and NaHS remain dissolved in water since they 
are soluble in water. 


(b) On passing hydrogen sulphide into an aqueous solution 
of lead nitrate, black lead sulphide is ])recipitated and nitric 
acid is formed in solution. On passing hydrogen sulphide fur¬ 
ther into that solution, sulphur is precipitated along with lead 
sulphide. 

Pb(NOa )2 + HaS = PbS + 2 HNO 3 
2HNOa + H sS = 2 H 2 O + 2NOa + S. 


Q. 8. Describe the preparation of Jiitric acid. Starting from 
nitric acid, how would you obtain {a) nitrous oxide, (b) nitric 
oxide, ic) ammonia ^ Give equations. 

State the properties and uses of Jiitric acid. 

Ans. Nitric acid is prepared in the laboratory by heating 
-gently a mixture of equal parts by weight of potassium nitrate 
and oonc. Sulphuric acid, taken in a retort. The stem of the 
xetort enters into a receiver which is kept cool in a stream of 
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in the flask. 

KNO3 + HaSO^ = KHSO* + HNOa. 

Nitric acid can. also be obtained by the catalytic oxidation 
of ammonia. A mixture of 1 vol. of ammonia and 7*6 vols. of air, 
carefully purified, is preheated to 500®0. and is passed through 
a converter, containing platinum gauzes. The exit gases from 
the converter, containing NO, NO 2 and steam are cooled and 
passed into packed stainless steel towers through which water 
circulates. Formation of nitric acid occurs. 

4 NH 8 + 5 O 3 «4NO + 6HaO 
2 NO + O 2 =2N02 

SNOa + H 2 O = 2 HNO 3 + NO. 

(a) For getting nitrous oxide from nitric' acid, dilute* nitric 
acid is allowed to react with zinc in the cold. 

4Zn + IOHNO 3 = 4 Zn(NOs )2 + 6 H 2 O + N 2 O. 

The gas is to be collected by displacement of warm water. 

(fc) When moderately dilute nitric acid is allowed to react 
with metallic copper, nitric oxide is evolved. 

3Cu + 8HNO:, “ 3 Cu(N03)2 + 4 H 2 O + 2NO. 

x\t first the brown fumes produced inside the generating 
apparatus by reactions of NO with oxygen of air is allowed to be 
swept out and then the gas is collected by displacement of 
water. 

(c) When moderately dilute HNO3 reacts with metallic zinc, 
ammonium nitrate along with zinc nitrate is formed in solution. 

4Zn + IOHNO 9 = 4 Zn(N 03 ) 3 + NH ^NOa + 3H 2 O. 

The solution is next made alkaline with NaOH, excess of 
NaOH added and the mixture heated to boiling when ammonia 
is evolved as gas. It can be dried in a lime-tower and collected 
by downward displacement of air. 

NH4NO3 +NaOH = NaNOa + NH3 + H2O. 

Properties and uses of nitric acid :— 

Nitric acid is a colourless, fuming liquid with peculiar chok* 
ing smell. It has a specific gravity of 1*5 and boils at 86”C. 
with partial decomposition. It is highly corrosive. When 
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it comes in contact with skin, it stains the skin yellow and 
produces painful wounds. When heated, it decomposes into 
nitrogen peroxide, oxygen aud water, 

4 HNO:, =• 2 H aO + 4NO2 + Oa. 

It is a very powerful oxidising agent. A piece of red-hot 
charcoal burns brilliantly when thrown into concentrated acid ; 
dry sawdust chars and even burns when cone, nitric acid ia 
poured on it. Sulphur, phosphorus and iodine are oxidised 
respectively into sulphuric acid, phosphoric acid and iodine by 
concentrated nitric acid. 

S + 2 HNO 3 -= H 2 BO 4 + 2 NO 
P 4 + lOHNO:, + H 2 O = 4H3P0^ + 6 NO + 6 NO 2 . 

Perrons sulphate solution is oxidised to ferric sulphate in 
presence Of sulphuric acid by treatment with nitric acid. 

6FeSO^.+ ‘ 2 HNO 3 + 3H 2 SO 4 = 3 Fe 2 (S 04)3 + 2 NO + 4HaO. 

It bleaches indigo solution. Nitric acid readily dissolves all 
metals except gold, platinum, and iridium. 

Nitric acid is used in the manufacture of sulphuric acid, 
explosives like nitroglycerine, gun cotton, etc., coal-tar colours 
and metallic nitrates. It is also used for etching names and 
designs on copper, brass, bronze, etc. It is also used in setting 
up certain batteries and in staining feather, wool and silk 
yellow. 

' Q. 4. ■ 'How would'you prepare a pure and dry S2)ecim^n of 
carbon monoxide ? Give a neat sketch of the apparatus. Describe 
the properties of the gas. You are given a mixture of hydrogen 
and carbon mcaoxide : how would you separate one of the consti¬ 
tuents of the mixture ? 

I 

•Ans. Preparation of CO : Cone. H 2 SO 4 is taken in a flask 
fitted with a rubber cork through which pass a dropping funnel 
and ft delivery tube. Sulphuric acid is then heated to about 
100 ®C. and pure formic acid is added drop by drop from the 
dropping funnel to the hot sulphuric acid. As each drop of 
^ 6 rmic acid comes in contact with cone. H 2 SO 4 , the elements 
of water are abstracted from it and CO gas is evolved. The gas 
is collected by displacement of water. 

H.COOH + H 2 SO 4 = CO + LH aSO* + H 2 O]. 
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Pure and dry specimen of the gas can be obtained by 
passing this CO first through a ‘wash bottle containing concen¬ 
trated H 2 BO 4 and then collecting the gas by displacement 
of mercury. 



Fig. 61 

Properties of carbon monoxide, 00.— 

Carbon monoxide is a colourless gas with a peculiar faint smell* 
It is slightly lighter than air and is practically insoluble in 
water. The gas is extremely poisonous : it combines with the 
hasmoglobin of blood forming carhoxy-haemoglobin which is 
incapable of absorbing oxygen ; thus blood in the lungs loses 
its capacity of taking up oxygen and thus brings about ■ insensi¬ 
bility and ultimately death. 

Carbon monoxide is a combustible gas. It burns with a 
characteristic lambent blue fiame, forming C 02 , when ignited, 
2C0 + 02 = 2 C 02 * An intimate mixture of carbon monoxide and 
oxygen when infiammed explodes violently. 

It is a neutral oxide of carbon. It is an unsatwated com¬ 
pound and combines directly with chlorine, under the infiuenoe 
of sunlight, with the formation of carbonyl chloride of phosgene 
gas I CO + CI 2 “COClg. Finely divided nickel, cobalt and iron 
unite with carbon monoxide on heating, with the formation of 
a class of compounds called carbonyls, e.g.t nickel carbonyl 
Ni(C 0 ) 4 , iron carbonyl, FeCCOjs etc. 

Carbon monoxide is a powerful reducing agent at an elevated 
19 
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temperature. Thus when carbon monoxide is passed over red- 
hot copper oxide, GuO is reduced to metallic copper and CO is 
oxidised to COa* CuO + CO^Cu + COa. Solid KOH, when 
heated, absorbs CO when passed into it under pressure forming 
potassium formate ; KOIl + GO = HCOOK. A solution of 
cuprous chloride in cone. HGl or in ammonia absorbs carbon 
monoxide, forming CuCl, CO, 2 H aO. 

Separation of carbon monoxide from hydrogen :— 

Carbon monoxide can be removed by pasbing the mixture of 
carbon monoxide and hydrogen through an ammoniacal solution 
of cuprous chloride, which absorbs carbon monoxide, and hydro- 
den will escape as gas. fi^drogerJ is dried by passing through 
a'Wash bottle containing cone. >12804 and then collected, free 
fr 6 ip carbon monoxide, by displa^rbment of mercury. 

Industrially the separation is effected in the following way : 

The mixture of carbon monoxide and hydrogen is mixed with 
steam' and passed over a catalyst consisting of ferric oxide, 
with promoter like chromic oxide heated to a temperature of 
450® ~ 550°C. The carbon monoxide reacts with steam, producing 
carbon dioxide and hydrogen : 

CO + HgO^COa + lla- 

The carbon dioxide is then removed by washing with water 
at 25 atmospheres pressure and the remaining trace of carbon 
' monoxide is removed by wa«;hing the gas, under 200 atmospheres 
pressure, with ammoniacal cuprous formate solution and then 
with 25 per cent* caustic soda solution at 260®C., in steel 
towers. 

CO + NaOH-HCOONa. 

Sodium formate. 

. Q. 5. Compare the physical and chemical properties of the 
main allotropic modifications of phosphorus. Describe experiment 
to prove that they are different forms of one and the same element. 
Hov) IS phosphorus prepared from calcium phosphate? State the 
uses, of phosphorus. 

Ans. The main allotropic modifications of phosphorus are 
white phosphorus and red phosphorus. 
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Comparison of properties of white and red Phosphorus ;— 


Property 


1. Colour. ! 

I 

2. Smell. 

3. Specific gravity. 

I 

I 

4. Melting point. j 

I 

I 

1 

6. Action of CSat 
chloroform etc. j 

6. Reaction when 

exposed to air. | 

i 

I 

I 

i 

i 

7. Ignition temp. . 

1 

I 

8. Hot NaOH sol. | 

I 

I 


White P 


Almost colourless. 

Garlic odour 
1-83 
44‘*C. 

Readily soluble 

Phosphoresces with 
glow and oxida¬ 
tion. 


30*’C. 

Readily reacts with 
NaOH sol. when 
heated, giving off 
phosphine. 


Red P 


Chocolate red. 
Odourless, ’ • 
2’05--2‘39 . • 

600®—600°d 

Insoluble.’ 


Does not phos- 
phoresce (there 
is no glow and- 
no oxidation). ^ • ’ 

240®C. 

■ • * 

No action. 


9. Chemical activity.! Highly active. 

I 

I 

j 

10. Physiological ! Highly poisonous, 

action. j 


. Less active than 
yellow P. 

I • 

i Not poisonous. 


Experiments to prove that white P and red P are different 
forms of one and the same element :— , . , 

(1) Equal weights of white P and red P are taken and burnt 
carefully in excess of oxygen by suitable arrangement so that 
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there is no loss of the products formed in each case. The 
products are collected separately and dissolved in excess of water, 
whereby phosphoric acid, H 3 PO 4 , is formed in both the cases. 
The two different solutions so obtained are neutralised with 
ammonia and completely precipitated separately with magnesia 
mixture in presence of ammonia and ammonium chloride. The 
precipitates are filtered, washed and ignited and weighed. Heat¬ 
ing, cooling in a desiccator and weighing are carried out till the 
weights in the two cases become constant. 

It will be found, if the experiment be carefully performed, 
that the weights of magnesium pyrophosphate so obtained in the 
two cases are the same, proving thereby that we are dealing, 
with one and the same element. 

( 2 ) When red phosphorus is heated in an inert atmosphere 
above 650®C. so that vapours are produced and the vapours are- 
rapidly cooled* white P is obtained. Again, if white P is heated 
to 240®C. in an inert atmosphere with a trace of iodine (catalyst),, 
red P is formed. This interconvertibility shows that white P 
and red P are allotropic modifications of the same element. 

Preparation of phosphorus from Calcium phosphate :— 

A charge of powdered calcium phosphate, sand and coke is 
fed through the hopper of a furnace, which is shown diagram- 





Fig* 62 

matically in the adjoining figure, by means of a warm-cmveijer 
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'which pushes it on into the furnace. A powerful electric arc is 
then struck between the two carbon rods, set a little above the 
bottom of the furnace. By this means the mixture is heated 
to a temperature of about 1200®—1300®0. when the different 
substances react and phosphorus is produced as vapour along 
with carbon monoxide gas. These gaseous products pass out by 
means of the exit near the top and are bubbled through water 
contained in a tank. Phosphorus vapour condenses to the solid 
state under water and carbon monoxide escapes as gas. The 
residue of fused calcium silicate present in the furnace is taken 
-out by means of the slag hole at the bottom of the furnace. The 
process is continuous and more charge is continuously added 
through the hopper. The reactions that take place in the 
furnace may be represented by the following equations :— 

CasfPO J 2 + 3Si02 = SOaSiOg + P 2 O 5 
P205+60 = 2P + 500 

Uses of phosphorus :— 

( 1 ) Phosphorus is chiefly used in making matches. White 
phosphorus was at one time used for making “strike-any-where** 
^‘Lucifer” matches, but its use in that way is now prohibited by 
law. Ked phosphorus is now employed for making the “safety*' 
matches. Scarlet phosphorus and phosphorus sulphide. ^263 
.are now employed instead of white phosphorus in manufac¬ 
turing matches. 

( 2 ) Phosphorus is used as a poison for rats. 

(3) A certain amount is used in making phosphor bronzes 
which are the alloys of copper, tin and i)hosphorus. 

( 4 ) It has also been employed in making incendiary bombs 
and smoke screens for it burns spontaneously and gives dense 
white fumes. 

(6) Red phosphorus is also used in the laboratory for the 
preparation of hydrobromic and hydriodic acids. Phosphorus 
trichloride and phosphorus penta-chloride are made from yellow 
phosphorus. These two chlorides of phosphorus find wide 
application. Hypophosphites are manufactured from phosphorus 
and are employed medicinally. 

Q. 6. Describe the ammonia'Soda process for the manufacture 
of sodium carbonate. What is the difference between sodium car* 



294 


C. n. QUESTIONS WITH ANSWERS ON 


[1949 


bonate and sodium bicarbonate 9 Why do their solutions react 
alkaline ? What happens when they are heated ? How is sodium 
carbonate converted into caustic soda ? Compare their properties. 

’Ans. The modern method for the manufacture of sodium 
carbonate from common salt is the ammonia-soda process or 
Solvay process. This is based on the reaction between sodium 
chloride solution and ammonium bicarbonate solution with the 
precipitation of sodium bicarbonate :— 

NaCl + NH4HC03 “NaHCOs +NH 4 CI. 

The precipitated sodium bicarbonate is filtered and then 
heated to give sodium carbonate :— 

SNaHOOs “NasOOs + HaO + COa. 

The working of the process will be clear by reference to the 
adjoining figure, which gives a diagrammatic representation of 
the plant used. 

The working of the process is as follows :— 

• (d) A strong solution of sodium chloride (brine) is obtained 
directly from salt-beds by pumping in water into the salt-beds 
And then pumping out the brine so produced into a brine 
reservoir (shown on the top left). Brine from that reservoir is 
next admitted into the saturating tank, which is an upright 
cylinder. Here the brine is saturated with ammonia. The salts 
6 f * calcium ■ and magnesium contained in the brine are 
precipitated. by carbon dioxide, coming along with ammonia 
Jfrom the ammonia recovery plant t— 

' 2Nir., +CO, -f-HaO- (NHJaCOa 
CaCla + (NH JaCOa = ‘ 2 NH 4 CI + CaC 03 
MgCla + (NH4)2C03 = 2 NH 4 CI + MgCOs. 

The brine, when fully saturated with ammonia, is run into a 
settling tank, where the precipitated calcium and magnesium 
carbonates settle down* 

(b) Ammoniacal brine is then pumped up from the settling 
tank to the top of the carbonating tower, provided with 
perforated horizontal partitions and cooling coils and is made to 
trickle down the tower. Carbon dioxide gas is admitted at the 
bottom of the tower, so that carbonation is carried out on the 
principle of counter currents. Carbon dioxide rises in small 
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formed by the interaction of carbon dioxide, ammonia and 
water, reacts with sodium chloride solution, precipitating sodium 
bicarbonate :— 

NB a + H 2O + OO2 « NH4HCO 

Na 01 + NH 4 H 0 Oa=NaHCO 38 +NH4CI. 

The milky liquid containing small crytals of sodium bicarbo¬ 
nate is drawn off at the base of the tower and filtered at the 
rotary vacuum filter. The crystals of sodium bicarbonate are 
deposited as a layer on the outside of the filter and are collected 
by scraping with a knife-blade. The mother liquor containing 
ammonium chloride and some ammonium bicarbonate is pumped 
to the top of the ammonia recovery tower. 

The sodium bicarbonate is next calcined in a covered pan or 
a rotary furnace fired on the outside. Sodium carbonate is 
formed and carbon dioxide and steam escape as gas :— 

. 2NaHC08“NaaC08+002+Ha0. 

The carbon dioxide evolved here is utilised in the carbonating 
tower together with the gas from the lime-kiln. 

(c) In lime-kiln limestone is heated strongly to give carbon 
dioxide and calcium oxide (quicklime) :— 

CaOOa = CaO + CO2. 

The carbon dioxide is led to the carbonating tower, while the 
quicklime is slaked with a large quantity of water and pumped 
on to the ammonia recovery plant in the form of milk of lime* 

(d) In the ammonia-recovery tower, which consists of an 
upper and a lower part, the mother liquor is fed into the top of 
the upper part and at the top of the lower part milk of lime is 
admitted. A current of steam is next admitted at the base of the 
tower. Ammonium bicarbonate is decomposed by steam, and 
ammonium chloride is decomposed by lime :— 

NH4HCO3 = NHs + H 2O + CO2 
2NH4CI + Ca(OH)2 - 2NH3 + CaCla + SHaO 

The mixture of ammonia with the small amount of carbon 
dioxide passes on to the saturating tank. 

Thus the process is self-sufficient, but certain amount (about 
2%) of ammonia is lost during working and is to be replaced. 

Sodium carbonate, NaaGOsi is a normal salt pf hypothetical 
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carbonic acid, HsCOs^ both the replaceable hydrogen atoms of 
the acid being replaced by metal sodium. Sodium bicarbonate, 
NaHGOs, is anaicid salt of the same hypothetical carbonic acid, 
H2GO3, because only one atom of replaceable hydrogen is 
replaced by metallic sodium and the other hydrogen atom being 
left as such. 

Sodium carbonate, Na2G03, and sodium bicarbonate. 
NaHGOs, react alkaline in water 8olution» because by hydrolysis 
(decomposition by water) cai;stio soda and carbonic acid 
(hypothetical) are produced in solution. Gaustic soda is a very 
strong base in comparison to carbonic acid which is a very weak 
acid, since it is capable of turning blue litmus only port-wine 
red. So the alkaline reaction predominates. 

NaaCO, + 2H20?i2Na0H + H2GO3 
NaHGOa +H20?=iNa0H +H2GO9. 

When sodium carbonate is heated strongly, it fuses but does 
not undergo any decomposition. But when sodium bicarbonate 
is heated, it decomposes into sodium carbonate, carbon dioxide, 
which escapes as gas, and water, which escapes as steam. 
2 NaHG 03 = Na^COa + H^O + GO*. 

Sodium carbonate in water solution is run into causticisers^ 
i.e., iron tanks provided with mechanical agitators and fitted 
with a pipe for admission of steam. Quicklime placed in 
an iron cage is kept dipping into the top of the solution, the 
stirrer is worked and steam is passed in. Sodium carbonate 
then reacts with calcium hydroxide formed and is practically 
completely converted into caustic soda. 

NaaCOa +Ga(OH)2-2NaOH d-GaGOs 

pptd. 

The precipitated calcium carbonate is filtered off and caustic 
soda solution so obtained is evaporated in iron pans to get solid 
caustic soda. 

Sodium carbonate is a weak base, whereas caustic soda is a 
very strong base. Sodium carbonate reacts with acids with 
effervescence due to escape of carbon dioxide, ^yhereas caustic 
soda does not react with acids in that way. 

NaaGOa d-HaSO* “Na2S04 + GOa +H2O 

2 NaOH d* H2SO4 = NaaSO* d- 2H2O. 



298 C. U. QUHBTIONS WITH ANSWERS ON' [194^ 

Actually sodium carbonate is a salt of carbonic acid (hypothe¬ 
tical) and its -alkaline reaction is due to hydrolytic decomposi* 
tion whereas caustic soda is a true base and an alkali. 

Q. 7. Name the important ores of aluminium with their 
formulm. How is metallic aluminium obtained ? Name the 
important alloys of aluminium with their constituents. 

Describe the action of a solution of caustic soda and copper 
sulphate respectively on powdered aluminium. 

Ana. The important ores of aluminium are : — 

(1) Bauxite, AlgO.,, 2HaO 

( 2 ) Cryolite. AIF^, 3NaF. 

There are many naturally occurring compounds of 
aluminium, viz., felspar (KAlHii^Os), china clay (Kaolin, AlgOa, 
2 Si 02 , 2 H 2 O), diaspore (AI 2 O 31 H 2 O). But none of thorn can be 
'considered as an ore of aluminium, for none can be used for 
extracting the metal profitably and economically. 

The extraction of aluminium is carried out from bauxite. 
Since bauxite contains impurities like ferric oxide, silica, etc., it 
is to be i)urified before being used in the extraction of aluminium. 
The purification of bauxite can be carried out by 

{a) Hall’s process, in which the ore is heated to bright red¬ 
ness with sodium carbonate, when sodium raeta-aluminate 
NaAlOg, is formed. The mass is cooled and rapidly lixiviated 
with water, whereby sodium meta-aluminate passes into solution 
and ferric oxide is left as a residue in a finely divided state. 

A1203.2II 2 O + Na3C03 = 2NaAl02 +CO 2 + 2 H 2 O. 

The solution of sodium meta-aluminate is removed by decan¬ 
tation, heated to 60°~60°C. and a current of carbon dioxide is« 
passed through it when hydrated alumina separates out : 

2Na AlOa + CO a + 3H gO = Na 2 CO 3 + 2 Al(OH) 3 . 

The precipitated Al(OH )3 is separated, washed, dried and 
ignited when pure AlgOs is obtained : 

2Al(0H)s«Al20s + 3H20. 

( 6 ) Baeyer’s process, in which the powdered bauxite is first 
calcined and the calcined mass is digested in an autoclave at 
80 lb. pressure and at 150°C. with caustic soda solution for some- 
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hours. Alumina present in the bauxite dissolves' with the 
formation of sodium aluminate and oxide of iron is left behind. 

AlaOa, 2 H 2 O + 2NaOH * 2NaA102 + SHjfrO. 

The solution is diluted and filtered and the filtrate agaitated 
with some freshly precipitated A 1 ( 0 H) 3 . Sodium meta-aluminate 
present in solution is hydrolysed and changes to Al(OH) 3 . 

NaAlOa + 2 H 2 O « NaOH + A1(0H)3. 

Most of the aluminium present in solution is thus precipitated 
as x^ 1(0H)3. Precipitated A1(0H)8 is filtered, washed, dried and 
ignited. 

2A1(0H)3-Al303 + 3H20. 

The filtrate containing caustic soda is con-centrated and used 
over again. 

(c) Serpek's process, which is especially suitable for white 
bauxite containing silica in excess as impurity, consists in beat- ‘ 
ing the ore mixed with carbon at about 1800®C. and passing 
nitrogen gas over the mixture. Aluminium nitride is formed; 

AI 2 O 3 , 2H20 + 30 + N2 = 2A1N + 3CO + 2H20. 

This aluminium nitride is next hydrolysed by water, when 
A1(0H)3 is formed : 

2 AIN + 6H 2 O = 2 A 1 ( 0 H )3 + 2 NH 3 . 

The residue of Al(OH )3 is ignited to give AI 2 O 3 . 

Purified alumina obtained by operating any of the above 
processes is next dissolved in fused cryolite and electrolysed 
between carbon electrodes. Electrolysis is carried out in an iron 
box lined inside with gas carbon. This serves as the cathode. 



The anode consists of a number of vertical carbon rods reaching 
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nearly the gas carbon base and suspended from a copper rod at 
the top. The electrolyte is pure alumina dissolved in fused 
cryolite (NagAlFe) and maintained at a temperature of 900® 
—960®C. by the heat produced as a result of the passage of the 
current. The charge is covered by a layer of solid crust due to 
cooling and above that solid crust a layer of powdered anthracite 
is spread out in order to prevent the blinding glow of the bath 
from reaching the eye. 

When the current is passed, alumina undergoes decom¬ 
position : 

2A1203 ~ 4A1 302* 

• 'Molten aluminium sinks to the bottom of the bath below the 
anodes. The oxygen liberated at the anodes oxidises the anode 
material with the production of CO and OO 2 . Aluminium is 
tapped off from time to time through the tapping hole near the 
base. When the alumina is used up, the resistance of the bath 
increases and thereby a lamp shunted off the circuit begins to 
glow. Workmen then understand that fresh charge is to be added. 
The process is thus made continuous. 

Important alloys of aluminium are :— 

(1) Magnalium—alloys of aluminium and magnesium. 

(2) Duralumin—alloy of aluminium, magnesium, copper and 

manganese. 

(3) Aluminium bronzes—alloys of aluminium and copper. 

« When powdered aluminium is heated with a solution of 
caustic soda, aluminium dissolves as sodium aluminate and 
hydrogen is evolved. 

2A1 + 2NaOH + 2H 2 O - 2NaA102 + SHg. 

When powdered aluminium is added to copper sulphate solu¬ 
tion, metallic copper is deposited and aluminium passes into 
solution as aluminium sulphate. 

3 CuS 04 + 2A1 * 3Cu + Al2(SOj3. 

Q. 8. Explain briefly, giving equations, what happens when 
{a) a hot solution of ferric chloride in hydrochloric add is treated 
with a solution of stannous chloride ; ( 6 ) a solution of mercuric 
\<ohloride in presence of hydrochloric a^id is treated gradmlly with 

solution of stannous chloride ; (c) chlorine is passed into a 
)^trong solution of caustic potash ; (d) mercury is ground up with 
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sulphur ; (a) a solution of caustic soda is gradually added to that 
of zinc sulphate. 

Ans. (a) When a hot solution of ferric chloride in hydro¬ 
chloric acid, which is reddish yellow in colour, is treated with 
a solution of stannous chloride, ferric chloride is reduced ta 
ferrous chloride and the solution becomes colourless. Stannous 
chloride is oxidised to stannic chloride and remains in solution. 

SFeGls + SnCU = 2FeCl2 + SnCU* 

(6) When a solution of mercuric chloride in presence of 
hydrochloric acid is treated gradually with a solution of stannous 
chloride, at first a white precipitate of mercurous chloride, 
produced by the reduction of morourio chloride, is formed. 
Stannic chloride is also produced in solution from the oxida-^ 
tion of stannous chloride. On further addition of stannous 
chloride, a grey precipitate of metallic mercury results from the 
reduction of mercurous chloride formed and further quantity 
of stannic chloride is produced in solution from the oxidation, 
of stannous chloride. 

2ngCla +SnCls -HgaCla +SnCU 

HgaOla + SnCla = 2Hg + SnCU. 

(c) When chlorine is passed into a strong solution of 
caustic potash, so long as the solution is alkaline, potassium 
hypochlorite, and potassium chloride are formed along with 
water, but when the solution gets hot due to reaction proceeding 
and the chlorine is passed nearly to saturation, potassium 
chlorate, which separates as crystals, is formed, along with 
potassium chloride and water. 

2KOH + Clg -KOCl + KOI + HaO (alkaline) 

6KOH + 3 CI 2 ~ KOIO 3 + 6K01 + 3 H 2 O (excess of chlorine). 

(d) When mercury is ground up with sulphur, mercuric- 
sulphide is formed. It is black in colour, but on heating it 
turns red. Hg + S = HgS. 

(e) At first a white precipitate of zinc hydroxide is formed : 
ZnSO* + 2NaOH - Zn(OH)a + Na 2 S 04 . 

On adding further quantity of caustic soda solution after 
complete precipitation of Zn(OH) 2 , the precipitate dissolves^ 
with the formation of sodium zincate :— 

Zn(OH )2 + 2NaOH « NaaZnOa + 2H.aO, 
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Q. 1. State and explain the law of multiple proportions, 

TOO gm. of copper was dissolved in nitric acid and on ignition 
gave T25 gm, of cupric oxide. TOO gm. of cuprous oxide when 
ignited in a current of hydrogen gave O'888 gm, of copper. 

Show that these results illustrate the law of multiple proper^ 
tions and calculate the percentage of copper in each oxide. 

Axis. Law of Multiple Proportions :— 

When one element combines with a second element to form 
two ot more different compounds, the different weights of one 
of the elements, which combine with a constant weight of the 
other, bear a simple ratio to one another. 

. The expression simple ratio means that the ratio can be 
expressed by small whole numbers not exceeding five. 

The law will be clearly understood by studying certain 
•examples. 

(!)• Hydrogen combines with oxygen to form two different 
compounds, viz., water and hydrogen peroxide. In water 1 
part by weight of hydrogen has combined with 8 parts by weight 
of oxygen. In hydrogen peroxide, i part by weight of hydrogen 
has-combined with 16 parte by weight of oxygen. 

Thus, the different weights of oxygen (viz. 8 and 16) which 
combine, in these two cases, with the same weight of hydrogen 
(viz.’ l) bear to each other the ratio 8 : 16 or 1 : 2. 

(2) Nitrogen and oxygen combine together to form five diffe¬ 
rent oxides. On analysis, they show that— 

In nitrous oxide, 14 parts by weight of nitrogen has combined 
with 8 parts by weight of oxygen. 

In nitric oxide, 14 parts by weight of nitrogen has combined 
with 16 parts by weight of oxygen. 

In nitrogen trioxide, 14 parts by weight of nitrogen has com¬ 
bined with 24 parts by weight of oxygen. 

In nitrogen peroxide, 14 parts by weight of nitrogen has com¬ 
bined with 32 parts by weight of oxygen. 

In nitrogen pentoxide, 14 parts by weight of nitrogen has com¬ 
bined with 40 parts by weight of oxygen. 
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Thus the different weights* of oxygen (vix., 8,16, 24, 32, 40) 
which combine with a fixed weight of nitrogen (viz., 14) bear to 
to one another the ratio 8 : 16 : 24 : 32 : 40 or 1 : 2 : 3 : 4 i 5. a 
a simple proportionality being readily seen. 

In cupric oxide, from the given data, 0*26 gm. of oxygen has 
combined with 1*00 gm. of copper. Therefore, 1 gm. of oxygen- 
is in combination with 4 gms. of copper in cupric oxide. 

In cuprous oxide, from the given data, 0*112 gm. of oxygen 
has co*mbined with 0’888 gm. of copper. Therefore, 1 gm. 

of oxygen is in combination with gm. or 8 gms. (nearly) 

of copper. Hence the amounts of copper which have gone to 
combine with a constant weight, viz, 1 gm. of oxygen to form 
cupric and cuprous oxides respectively are in the ratio of 4 : 8, 
i, e. 1 : 2 which is a simple ratio. Thus the results- given illus* 
trate the law of multiple proportions. 

In cupric oxide, 1*25 gm. of the oxide contain 1 gm. of copper. 
Therefore, percentage of copper in cupric oxide • • • 

1 • ' 
X 100 = 80. 

In cuprous oxide, 1 gm. of the oxide contains 0*888 -gm.- of. 
copper. Therefore percentage of copper in cuprous oxide 

0*888 * . • 

= 100 = 88 * 8 . 

Q. 2. Give an account of the preparation of fluorine, d^cribing 
carefully the apparatus used. State its properties, 

Gan fluorine he prepared by the electrolysis of an aqueous 
solution of a fluoride ? Give reasons for your answer, > •, 

Ans. Fluorine is now-a-days prepared by electrolysing 
fused potassium hydrogen fluoride, KHFa (Fremy’s salt). The 
apparatus consists of V-tube made of copper which is pro-. 
Tided with two side tubes. The copper V-tube is fitted with, 
bakelite stoppers, and two graphite electrodes are introduced 
through these bakelite stoppers. Potassium hydrogen fluoride is 
placed in the tube which is heated electrically by* coils wound 
round the outside of the tube. Electric current is next passed 
through the fused KHFs when decomposition occurs and fluo- 
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rine is liberated at the anode and hydrogen at the cathode. The 

gas evolved at the anode' 
comes oat of the side-tnhe 


Fig. 65 


and is next passed through 
a number of TJ-tubes, also 
made of copper, containing 
dry sodium fluoride which 
absorbes HF vapour coming 
out along with fluorine. The 
gas is then collected in a vessel 
by the displacement of air. 


KF undergoes electrolysis with the liberation of potassium at 
the cathode and fluorine at the anode. Then secondary reaction 
takes place at the cathode, and the liberated potassium reacts 
with IIF present in the electrolyte with production of KF and 
liberation of hydrogen which is evolved as gas at the cathode 


KF->K (at the cathode)+ r (at the anode) 



At the I K + HF = KF + H At the 
cathode J H + H = H 2 . anode 


Properties of fluorine ;—Fluorine is a pale greenish yellow gas 
with a peculiar penetrating smell. It attacks the mucous 
membranes. It is heavier than air, Its solubility in water 
is not known beceuse it readily reacts with water, evolving 
ozonised oxygen, 

2Fa + 2H20«4HF + 02 
■ . 3F2 + 3Ha0-6HF + 03 


Fluorine is one of the most chemically active elements. It 
reacts with nearly all elements except nitrogen, helium and 
argon. It fumes in moist air, forming hydrogen fluoride with the 
hydrogen present in water vapour found in air. In dry air 
fluorine does not fume. 


Fluorine combines with all metals. Na, K, Ca etc. are 
.attacked at once ; Ag, Al, Ni, Fe, Zn, Sn, Mg catch fire and 
burn in fluorine when gently warmed ; Au, Pt, etc. are not 
attacked by fluorine at the ordinary temperature but form 
fluorides on heating. Cu is coated with a superficial layer of its 
fluoride, on being exposed to fluorine and further action of fluorine 
stops. Finely divided metals, when introduced into fluorine gas. 
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burn spontaneously. Non-metals like boron (amorphous)^ 
carbon (charcoal and lamp-black), silicon (crystalline), sulphur, 
phosphorus, bromine, iodine, etc. all spontaneously catch fire and 
burn in fluorine gas. Arsenic and antimony, when introduced 
into fluorine, spontaneously catch fire and burn, giving their 
fluorides. When fluorine is passed into 2% solution of caustic 
soda, sodium fluoride is formed in solution and fluorine 
monoxide (FaO) is evolved as gas : 

2NaOH + 2Fa = 2NaF + FaO + HsO. 

When passed into strong caustic soda solution, fluorine libe¬ 
rates oxygen as gas and NaF is formed in solution. 

Fluorine cannot be prepared by the electrolysis of ah aqueous 
solution of a fluoride, say sodium fluoride. This is because of 
the fact that fluorine is a very active element and it has a very ' 
groat affinity for hydrogen. 8upi)Osing during electrolysis of 
a solution of a fluoride, fluorine is liberated at the anode, that 
fluorine will attack water present there and hydro-fluoric acid 
will bo formed and oxygen will be liberated, which will evolve as 
gas. Sodium liberated at the cathode will also react with water 
forming sodium hydroxide and liberating hydrogen, which will 
evolve also as gas, Sodium hydroxide formed at the cathode will 
react with hydrofluoric acid formed at the anode forming original 
sodium fluoride and water. So the net result of electrolysis of a 
solution of sodium fluoride is the same as the electrolysis of 
water with evolution of hydrogen at the cathode and oxygen at 
the anode, 

NaF?iNa+ + F" 

F” + F'^F 2 + 2e (at the anode) 

2 F 3 + 2 H 2 O — 4 HF + O 2 (at the anode) 

2Na + 2H gO = 2NaOH + H 2 (at the cathode) 

NaOH + HF - NaF + H 2 O. 

Q. 3. You are given a mixture containing three parts by volume 
of carbon monoxide and one part by volume of carbon dioxide. 
How would you convert the mixture completely into :— , 

(a) carbon monoxide ; (5) carbon dioxide 9 

State the changes of volume, if any, in each case.^ 

Ans. (a) The mixture is passed through an iron tube 
packed with charcoal which is heated to a red heat in a furnace. 

20 
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Carbon dioxide present in the mixture will be reduced com~ 
■pletely to carbon monoxide by this operation. 

00a+ C =* 2CO 

1 voL 2 vols. 

Prom the above equation we know that 1 vol. of carbon 
dioxide gives rise to 2 vols. of carbon monoxide. So the final 
volume of 4 vols. of the gas mixture will be 3 vols. of 00 + 2 vols. 
of CO resulting from 1 vol. of COa, i.e,t the result will be 6 vols. 
of CO. Hence there will be an increase in volume by ith of the 
4;otal volume taken. 

(6) The mixture is passed through a hard-glass tube contain¬ 
ing cupric oxide heated to redness. Carbon monoxide will 
thereby be completely converted into carbon dioxide. 

CO -I- CuO = COa+Cu 

1 vol, 1 vol. 

Erom the above equation we know that 1 vol. of carbon 
monoxide produces 1 vol. of carbon dioxide. Thus, 3 vols. of CO 
will give rise to 3 vols. of 00a. Hence in the second case 4 vols. 
of the gas mixture will remain as such, and there will be no 
change of volume. 

Q. 4. How is ozone ^prepared ? State its properties^ tests and 
uses. 

How would you distinguish ozone from hydrogen peroxide ? 

Ans. Ozone is ])repared by subjecting pure, dry oxygen to 
the action of silent electric discharge in Siemen’s ozoniser which 
consists of two co-axial glass tubes hermetically sealed. The 



•Siemens' ozoniser. 

Fig, 66 


outer tube of the ozoniser is coated on the outside and the 
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inner tube on the inner side with tin-foils. These tin-foils 
are connected to the two binding screws which, in their turn, 
are in connection with a Buhmkorff's induction coil. Dry 
oxygen is passed through the annular space in slow stream and 
a series of silent electric discharge is passed. The gas coming 
out of the exit tube consists of a mixture of ozone and oxygen. 

3 O 2 ” SOs* 

The conversion of oxygen into ozone is only to the extent 
of 6 to 6%. 

Properties. Physical, —It is a pale blue gas with a fishy 
odour. It is slightly soluble in water, but readily dissolves in 
essential oils like oil of cinnamon or oil of turpentine. It is 
unstable and decomposes when heated to about 260°—300 °Cm 
being reconverted into oxygen. 

Chemical. —It is a powerful oxidising agent. It oxidises S, P 
and As to their highest oxyacids. 

S + H 2 O + 3 O 3 =• H 2 SO 4 + 3 O 2 . 

It liberates halogens from their hydracids : 

2HCH-O 3 = Cl 2 -I- H 2 O + O 2 . 

It also liberates iodine from neutral potassium iodide : 

2KT + H 2 O + O 3 “ 2KOH +12 + O 2 : 

It oxidises moist la to HIO 3 ; 

la + 6 O 3 + II 2 O = 2 HIO 3 + 6 O 2 . 

Lead sulphide is oxidised by ozone readily to lead sulphate, 
the colour changing thereby from black to white ; 

PbS + 403=PbS04+402. 

In all these oxidation reactions, an equivalent amount of 
oxygen is set free. But in the oxidation of SO 3 to SO9 and of 
SnCl 2 in HGl solution to SnCU, ozone is completely absorbed : 

3802 + 03=3803. 

3Sn0l2 + 6HC1 + O 3 = 3Sn0l4 + 3 H 2 O, 

Ozone oxidises mercury to Hg 20 ; a drop of mercury exposed 
to ozone loses its mobility and sticks to glass. It bleaches 
vegetable colours by oxidation. Ozone is catalytically decom¬ 
posed by oxides of silver, iron, cobalt, etc. and by shaking it 



808 C. V. QUESTIONS WITS ANSWBBS ON [1949 

with powdered glass, Even metallic Ag. Pt and Pd decompose 
ozone catalytically. 

Tests.—Ozone is recognised by its strong, characteristic fishy 
odour. It liberates iodine from potassium iodide and so can be 
tested for with iodised starch paper which turns blue by the 
action of ozone. But this is not a specific test for ozone, since 
other .oxidizing agents like hydrogen peroxide or chlorine or 
oxides of nitrogen will do the same. A paper soaked in an 
alcoholic solution of t-elrameihyl hase is turned violet by ozone. 
This is a specific reaction for ozone and detection can be carried 
out with its help. Similarly, a piece of paper soaked in a solu¬ 
tion of benzidine is turned brown by ozone. 

Uses of ozone :—(1) The chief use of ozone is for sterilizing 
water. The drinking water supply is fitted with an ozoniser and 
the water is sterilised by treatment with ozone. 

(2) Ozone is-used in underground tube railways for keeping 
the air fresh. Also the air inside crowded rooms is purified and 
rendered invigorating by injecting ozonised oxygen in those 
rooms by fan arrangements. 

(3) Ozone is also used for bleaching oils, flour, starch, etc. 

(4) Oz.oiie is now employed in synthetic perfume industry in 
oxidising, iso-eugenol to vaniline, the parent substance of 
synthetic perfumes. It is also used in oxidising potassium 
mauganato to potassium permanganate. 

Distinguishing Tests for Ozone and Hydrogen Peroxide :— 


Ozone 


1 . . Ozone is a gas 

2. It has a fishy odour. 

8 .. It. cannot liberate iodine 
from potassium iodide solu¬ 
tion in presence of ferrous 
sulphate. 


Hydrogen peroxide 


1. Hydrogen peroxide is a 
syrupy liquid. 

2. It is colourless. 

3. It liberates iodine from KI 
sol. even in presence of 
FeSO*. 
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Ozone 


4 . It gives no colour reaction 
with 

(a) KaCrQOT sol. acidified 
with H 2 SO 4 . 


(h) Titanicum salt solu¬ 
tion. 

5 . It cannot decolorise acidi¬ 
fied KMn 04 solution. 

6 . Ozone turns paj)or soaked 
in an alcoholic solution of 
tetr am ethyl base purple 
violet. 


Hydrogen peroxide 


4. It gives 

(a) Azure-blue coloration 
with KaCraO^ S0I. + H0SO4, 
the colour being extracted 
with ether when shaken 
with it; 

(h) Orange coloration 
with titanium salt solution. 

5. It readily decolorises acidi¬ 
fied KMnO^' solution. * 

6 . HoOa has. no action on 
tetrametliyl base paper.. . 


Q. 5. Hoio would you prove tJiat carbon is a- conslitueni of 
chaVc, niirofjen is a consHiueyit of 7iitre, copper is a constituent of 
blue vitriol and mercury is a constituent of calomel ? 

Ans. Chalk is calcium carbonate. On heating chalk in a 
hard-glass test tube a gas is evolved, which is collected in a gas 
jar by displacement of mercury. Then a xnece of burning 
magnesium ribbon is introduced into the gas-jar. Magnesjum 
ribbon continues to burn, producing a white deposit with black 
specks. Dilute hydrochloric acid is next added to the gas-jar, 
when the white deposit dissolves, leaving the black particles* 
which float upon the solution. Those black particles -are collect¬ 
ed, dried, and then ljurnt in oxygen gas taken in another gas 
jar. Lime-water is then added to the gas-jai\ in which these 
black particles are burnt. Lime water turns milky, showing 
the presence of carbon dioxide in the jar. This carbon dioxide 
must have been produced by the burning of the black particles, 
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■which arc, therefore, nothing but carbon. This carbon has 
come from the gas obtained by heating chalk, for magnesium 
ribbon does not contain any carbon. Hence chalk contains 
carbon. 

Nitre is potassium nitrate. To show that nitrogen is a 
constituent of nitre, nitre is taken in a hard glass test tube 
fitted with a cork through which passes a delivery tube. The 
hard glass test tube is fitted to a clarap in an inclined position 
and the delivery tube is dipped under water contained in a 
pneumatic trough over whicli a gas jar containing water is 
inverted. The hard glass test tube is heated till the nitre 
.fuses. Then a bit of sulphur is introduced by opening the cork 
and the cork is immediately replaced- A gas is evolved, which 
collects inside the jar by displacement of water. That the 
gas collecting is nitrogen can be proved by the facts that it is 
inert, it does not support combustion and does not turn lime- 
water milky and is absorbed by heated magnesium. This gas 
comes from nitre since sulphur does not contain any nitrogen. 
Thug nitre is proved to contain nitrogen. 

2 KNO 3 + 2S = K 2 SO 4 + SOa + Na- 

To show that copper is a constituent of blue vitriol, a solu¬ 
tion of blue vitriol is taken in a basin and aluminium powder is 
added to it- Aluminium powder passes into solution and red 
metallic copper is deposited. This copper comes from blue vitriol* 
since aluminium powder does not contain any copper. This 
experiment proves that copper is a constituent of blue vitriol. 

3 CuS 04 + 2A1 = Al 2 (S 04)3 + 3Cu. 

To show that mercury is a constituent of calomel, i.s., 
mercurous chloride, mercurous chloride is mixed thoroughly with 
soda-lime and the mixture taken in a hard glass test tube and 
heated. Small globules of mercury are found to be deposited in 
the upper cooler part of the test tube forming a shining mirror. 
These small globules are scratched with a glass rod and poured 
on a piece of paper when a bigger globule of mercury is obtained. 
This mercury certainly comes from calomel and not from soda- 
lime, which does not contain any mercury. Thus, it is proved 
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that mercury is a constituent of calomel or mercurous 
chloride. 

2 Hg 2 Cl 2 + 4NaOH =» 4Hg + 4NaCl + 2H gO + Oe. 

Q. 6. Expliin and illustrate what you understand hy the 
following :— 

(a) Bari^ salt ; {h) Dialysis •, (c) Dissociation ; (d) Catalytic 
agent] (e) Elictro-chemicil equivalent. 

Ans, (a) Basic salts are those salts produced by the inter¬ 
action of acids with ])oly-acidic bases in such a fashion that 
partial replacement of the hydroxyl groups of the bases has 
taken place by the acid radicals. Thus, 2 rbCO.H.Pb(OH )3 ' 
(white lead), CuCOa, Cn(OTI)o (melachite), Pb(OTl)NO;j (basic 
lead nitrate), BiONO^ (basic bismuth nitrate) are the examples 
of basic salt. 

(b) Dialysis is the process by which a crystal¬ 
loid is separated from a colloid by means of a semi-permeable 
membrane which is capable of allowing the crystalloid molecules 
to pass through it, but not the colloid particles. 

Graham found that certain substances like gum, albumen, 
silicic acid, etc, in solution cannot pass practically through 
parchment, animal bladder, etc. whereas certain other substances 
like hydrochloric acid, common salt, nitre, etc. in solution 
readily pass through the parchment, animal bladder, etc. 

Thus, a shallow bell jar open at both ends, but fitted with a 
piece of parchment paper or bladder at one end is kept i)artly 
immersed in water in another jar. Into the bell jar aqueous 
solution of potassium iodide is taken along with certain amount 
of starch also in solution. A little of this mixed solution when 
treated with chlorine water is turned blue. After a time it is 
found that potassium iodide has passed into the outer jar but 
not particles of starch present in the solution. It is proved by 
adding chlorine water to water present in the outer jar which 
turns brown due to liberation of iodine from KT. * 

The apparatus shown in the adjoining figure and used in 
the experiment is called a dialyser, and this process of separa- 
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Fig. G7 


tion of a colloid like starch 
from a crystalloid like pota¬ 
ssium iodide is called dialysis. 

(c) Dissociation is a tem¬ 
porary splitting up of molecules 
of a substance into simpler 
molecules or atoms which 
reunite under reversed experi¬ 
mental condition, the shifting 
taking place in such a fashion 
that a dynamic equilibrium is 
set up under all changed condi¬ 
tions between un decomposed 
molecules and the simpler com¬ 
pounds (or atoms of the same 
elementary substance) formed 
from it. 


Thus, on heating, ammonium chloride dissociates into 
ammonia and hydrogen chloride and on cooling ammonium 
chloride is formed back, but during heating an equilibrium con¬ 
dition is set up depending on temperature, when rate of decom¬ 
position and of recombination of ammonia and hydrogen chloride 
is found'to balance 


Nn4Cl?=iNHs+HCl 

Similar is the case with iodine when on heating iodine 
, poolecule dissociates into iodine atoms. 

id) A catalytic agent is a substance which, when present in 
very small quantity, either increases or diminishes the velocity 
t)f a chemical reaction without itself undergoing any change in 
mass and in chemical coreposition, at the end of the reaction. 

Thus, in preparing oxygen from potassium chlorate, manga¬ 
nese dioxide is added in small quantity to hasten the decomposi¬ 
tion of potassium chlorate. MnO-j, is therefore, a catalytic 
agent in the reaction mentioned. Also phosphoric acid is added 
to hydrogen i)eroxido in small amount to retard the sponta¬ 
neous decomposition of hydrogen peroxide. Thus phosphoric 
acid acts hero as a catalytic agent. 
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(e) The mass, in grams, of an element which is liberated by 
the passage of unit quantity of electricity, that is, one coulomb, 
through the solution or fused compound of the element, is known 
as the Electro-chemical Equivalent of the element. 

Thus, it is fouTid that 1 coulomb of electricity liberates from 
the solution of an acid 0’0000104 gm. of hydrogen. Thus the 
«lectrocliemical equivalent of hydrogen is O’OOOOIOI. Similarly, 
when 1 coulomb of electricity, that is, 1 ampere of current 
flowing for 1 second, is passed <^hrough a solution of silver salt, 
O’OOlllS gm. of silver is deposited on the cathode. Thus, 
O'OOlliB is the electro-chemical equivalent of silver: 

Q. 7. How is the electrolysis of brine carried out on a large 
scale ? What products are formed hy this method ? 

• 

Describe hviejiy how you luould prepare (ft) solid sodmm hydro- 
crAde, {b) hydrochloric acid and (c) a solution of sodium hypo¬ 
chlorite from these products. 

Ans. The electrolysis of brine is carried out on a large scale 
in a rectangular vessel divided into three compartments by 
means of slate partitions (Fig. G8). The partitions do not 
actually touch the bottom of the vessel but dip into a layer 
of mercury which covers its floor. The two outer compartments 
are filled with brme and are fitted with stout carbon rod^ which 
serve as the anodes. The cathode is a bunch of iron rods 
suspended in the middle compartment containing water to which 
a little caustic soda has been added to make it a conductor. The 
layer of mercury is electrically connected with the iron rods* 
The whole vessel rests, on one side, upon an eccentric. The 
anodes are now connected together and then with the positive 
I)ol 0 of a battery, while the cathode is connected with its 
negative polo. On passing electric currcTit chlorine is evolved 
at the anode and is led away for the manufacture of bleachinj? 
powder. Bodium is liberated at the cathode in the outside 
compartments where it dissolves in mercury producing an 
amalgam. The amalgam is transferred to the middle com¬ 
partment hy giving a slow rocking movement to the whole 
vessel by the eccentric. Sodium reacts with water in the middle 
compartment producing caustic soda solution and hydrogen. The 
products obtained are chlorine, hydrogen and caustic soda 
solution. 
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(a) Solid sodium hydroxide is obtained from the caustic 
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soda solution obtained by evaporating it in iron vossels. The 
solid residue so obtained is finally to be melted and cast into 
sticks, pellets or balls as the case may be. 

(b) Chlorine obtained from the anode chambers and hydro¬ 
gen obtained from the cathode chamber are mixed and burnt 
in a special burner when chemically pure hydrogen chloride is 
obtained. When it is dissolved in water, hydrochloric acid is 
produced. 

H2+C1o = 2HC1. 

(c) . Solution of caustic soda obtained in the middle compart¬ 
ment is taken out and somewhat diluted and then chlorine 
from the anode chambers is passed into it, leaving the solution 
alkaline. Sodium hypochlorite is formed along with sodium 
chloride and remains in solution. 

2NaOH f 01 2 = NaOCl + NaCl + H aO. 

Q. 8. How is cast iron pr&pared ? State its properties. How 
does it differ from {a) wrmighi iron and (b) steel ? 

Ans. The ores generally employed for the preparation of 
cast iron are the oxides and the carbonate. These ores are first 
roasted in order to drive off water and carbon dioxide, to render 
the mass porous and to convert the ferrous oxide to ferric oxide. 
The oxide, thus obtained, is then reduced with coke and lime¬ 
stone in a blast furnace. The blast furnace is made of 
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Steel and lined inside with fire-bricks. It is from 60 to 80 ft» 
in height and in modern American practice about 120 ft. in 
height, and is broadest at the middle. The top of the furnace 



is closed by a cup-and‘Cone arrangement. The calcined ore 
mixed with coke and limestone, is introduced into the furnace, 
by lowering the cone. A blast of heated air at a temp, of 700®— 
800®C. is then introduced through the jets at the bottom, known 
as tuyeres, placed round the base of the furnace. The oxygen 
of the air combines with the carbon to from carbon monoxide 
which brings about the reduction of the iron oxide to iron. 

FejjOa + 3CC = 2Fe + SCOg. 

A portion of Fe20s that may escape reduction by CO iS' 
reduced by carbon itself. The spongy iron, so produced at a 
temperature of 1000®C., absorbs various impurities like carbon» 
sulphur, phosphorus and silicon from the ore, coke, limestone 
etc. This impure iron melts and descends to the bottom of the 
furnace and collects there in the molten condition. Lime» 
obtained by the decomposition of the limestone added to the 
charge at the temperature of the furnace, combines with the 
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fiiliceous impurities present in the ore forming a slag which 
flows down with the molten iron to the hearth. The slag, being 
lighter than the molten iron, floats on its surface, and thus 
prevents oxidation of the iron by the oxidising action of the 
blast. 

CaCOs “ CaO + CO 2 

Ca 0 + Si02 = CaSi03 (slag). 

As the slag reaches a certain height, it is taken out by 
opening certain holes, known as slag-notch, kept closed with 
clay ; the iron is run off at suitable intervals by opening 
-certain other holes in the hearth also kept closed with clay. 
Tlie molten iron is allowed to flow into moulds of sand. Iron, 
thus obtained, is known as cast iron or pig iron. 

Properties of cast iron :—Cast iron contains 2 to 5 per cent, 
of carbon ; this* carbon may be present in the free state or in 
combination with iron as PeaO. In the former case, the iron 
is called grey cast iron •, when treated with acids, it liberates 
hydrogen mixed with very little hydro-carbons and carbon sepa¬ 
rates out in the form of graphite. In the latter case, the cast 
iron is known as lohite oast iron ; when treated with acids, 
hydro-carbons are freely evolved along with hydrogen. Besides 
carbon, there are also present in cast iron silicon, phosphorus, 
sulphur and manganese in small proportions as impurities. Due 
to the presence of these impurities in such a high percentage, 
ca'st iron readily fuses (m. p. 1200“) and is brittle in character, 
so i.t cannot be worked under the hammer. It is crystalline in 
structure. It cannot be permanently magnetised. 

{a) Cast iron differs from wrought iron in its carbon content 
and in containing other impurities. Cast iron .is the imimrest 
form of commercial iron and it contains carbon to the extent 
of 2— 5%, and other impurities like sulphur, phosphorus, silicon, 
manganese, etc. Wrought iron, on the other hand, is the purest 
form of commercial iron and it contains carbon to the extent of 
0*12—0*25%, and other impurities are not present at all or 
are present only in traces, (b) Cast iron differs from steel 
with regard to carbon-content. Carbon is present to the extent 
of 0*25 to 1*6% in steel. Sulphur and phosphorus are reduced 
to negligible amount in steel. But inorder to improve the 
quality of steel, various elements like silicon, manganese, nickel, 
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vanadium, tungsten etc* are intrpduced into steel. Thus steel 
is intermediate in composition to cast iron and wrought iron 
with regard to carbon content. 

A general comparison of the three varieties of commercial 
iron, viz. cast iron, wrought iron and steel is given below :—* 


Properties 

Cast iron 

1 

Wrought iron 

Steel 

1. Carbon 
content 

2—5% 

; 

012 - 0-26% 

■ 0'25-r6% 

• 

2. Impurities 

Also impurities 
like Si, Mn, 

P, S. etc. are 
present 

' Purest form of 
commercial 
iron. 

• 

1 

Intermediate in 

t 

! impurity be¬ 
tween cast iron 
and’wr,ought 
iron.' 

3. Hardness 

Hard 

Soft 

1 

Hard and soft- 

4* Malleability 

Brittle 

1 

1 Malleable 

1 

1 

Malleable and 
brittle. 

• 

5, Appearance 

Crystalline 

Fibrous 

Crystalline.- 

6. Melting 
point 

1200®C. 

1600"C. 

• * 

1300^ -1400^0, 

7. Tempering 

cannot be 
tempered 

cannot be 
tempered 

can be 

tempered- 

■ 

8. Magneti¬ 
sation 

cannot be 

permanently 

magnetised. 

1 

cannot bo 

permanently 

magnetised. 

j 

Can be per¬ 
manently 
magnetised. 

! t 

1 
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Q. 1. State Faraday s laws of electrolysis. What is the 
relation (a) between the electro’-chemical equivalent of an element 
and Us chemical equivalent and (b) between the atomic weight of 
an element and its chemical equivalent ? 

Ans. Faraday's Laws of electrolysis are two in number, and 
these are !— 

First Law :—The mass of an ion, liberated during electro¬ 
lysis, is directly proportional to the quantity of electricity 
flowing through the electrolytic cell. 

When 1 ampere of current flows through a circuit for 1 
second, we get 1 coulomb of electricity or unit quantity of 
electricity flowing through the circuit. So the first law can 
^be stated also as 

“The mass of an ion, liberated during electrolysis, is 
directly proportional to the strength of the current as also to 
the time during which the current flows. 

Mathematically stated, if W be the mass of an ion liberated 
by the passage of a current of G amperes flowing through the 
circuit for t seconds, then the law states, 

W « ct, 

or W=zct, where 2 is a constant called the Electrochemical 
-equivalent of the ion. When c = 1 ampere, and i = 1 second,= W, 
that is, Z is the amount of an ion liberated by the passage of 
1 ampere of current for 1 sec. 

Second Law :—When the same quantity of electricity is 
passed through several electrolytes, the relative masses of ions 
liberated are proportional to their chemical equivalents. 

{a) From the second law of electrolysis, it follows that the 
Electrochemical equivalent (E. C. E.) of an element is directly 
proportional to its chemical equivalent. 

Thus, if A and B be two elements, 

E.C.E. of A C. E. of A 
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(6) We know that 12 parts by weight of Magnesium can 
^lisplaoe 1 part by weight of hydrogen from hydrochloric^ Icid. 
Therefore, by definition, 12 is the equivalent weight of 
magnesium. 

But the atomic weight of magnesium is 24 when that of 
hydrogen is one. 

Also 1 atom of magnesium can replace 2 atoms of hydro¬ 
gen from two molecules of hydrochloric acid. Therefore the 
valency of magnesium is 2. 

Hence the valency of magnesium = 24-M2 *= Atomic weight 
ot magnesium-r equivalent weight of magnesium. 

This relationship can be shown in all other cases. 

Therefore Atomic weight of an element =Its equivalent 
weight X its valency. 

Q. 2. Write notes on the following : (a) Supersaturated 

solution ; (6) Lixiviation ; (c) Mother liquor ; (d) Diffusion ; 

{e) Endothermic reaction ; (f) Acid salL 

Ans. {a) A solution is said to be super-saturated with 
respect to a solute when somehow or other, a greater amount of 
solute remains dissolved in a given amount of solvent than what 
is required to get a saturated solution with that amount of 
eolvent at a particular temperature. The solute will crystallise 
out immediately when a small fragment of it is added to the 
solution. 

Thus, when some crystals of sodium thiosulphate, Na2S203, 
51120, are heated in a closed flask, these melt in their own 
water of crystallisation. On cooling to the room-temporature, 
the crystals of sodium thiosulphate are not formed but what we 
get is super-saturated solution of sodium thiosulphate at room- 
temperature. On adding a tiny crystal of sodium thiosulphate 
to this super-saturated solution, it is found that the whole thing 
crystallizes out with much evolution of beat. 

(6) Lixiviation is the process of bringing into solution only 
the soluble components of a mi:Eture of substances by treating 
the mixture with a suitable solvent which can dissolve out the 
soluble components, thus effecting the separation of the soluble 
constituents from the insoluble residue. 
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Thus, black ash, obtained in the Leblanc process for manu¬ 
facturing sodium carbonate, is crushed and treated with* water,, 
i.fi., lixiviated with water to dissolve out sodium carbonate which 
is soluble in water leaving the insoluble residue of the calciuin 
sulphide and other impurities behind. 

(c) When the solution of a solid in a liquid, saturated at a 
higher temperature, is allowed to cool down, a quantity of the 
solid held in solution, is deposited spontaneously in the crystal 
form.- When these crystals are separated from the solution by 
filtration or otherwise, the liquid portion free from crystals is 
called mother liquor. 

Thus, carnallite, KCl.MgClu.GHaO is first dissolved in 
. water ' and the solution concentrated when potassium chloride 
crystallises out and is removed. The liquid portion that remains 
after the removal of potassium chloride crystals is called mother 
liquor^ in this case special name of bittern being applied to it. 

1) I fusion is a general term» applicable both to diffusion 
. of .gases and to diffusion of a solute in a dilute solution or pure 
solvent. 

I , 

The natural process by which one gas disseminates through 
another gas is known as gaseous diffusion. Thus, if a jar of 
chlorine be placed beneatli a jar of hydrogen, mouth to mouth,, 
and the Jids of the two gas jars removed, then chlorine diffuses 
against gravity into the upper jar and hydrogen diffuses into the 
lower jar though it is much lighter than chlorine. This inter¬ 
mingling can be proved by suitable tests. 

. Similarly, if a strong solution of copper sulphate be taken 
in a jar and cautiously covered with water without distributing 
the solution below, it will be found after a few days that copper 
sulphate has travelled upwards into the pure solvent making the 
solution homogenous. This is the diffusion of a solute into a* 
solvent. 

Now, gaseous diffusion can take place even when the gases 
are separated by a porous septum, the lighter gas diffusing more 
rapidly than the heavier one. 

■ W When a chemical reaction takes place with the absorp- 
■ tion ot heat, it is said to be an endothermic reaction. 

Thus, when C and S are made to combine by beating, much 
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heat is absorbed in the formation of the compound carbon 
disulphide. Another example is the formation of nitric . oxide, 
NO, from its elements nitrogen and oxygen, the reaction taking 
place only at the temperature of the electric arc. 

(/) Acid salt : When the replaceable hydrogen atoms j)resent 
in the molecule of a polybasic acid are partially replaced by a 
metal or a group of elements behaving like a metal (a radical)^ 
then the resultant salt is called an Acid salt. Thus, in sulphuric 
acid, H 2 SO 4 , there are two replaceable hydrogen atoms and when 
only one atom of hydrogen is replaced by a metal we get acid 
salt. Thus NaHBfii. sodium hydrogen sulphate, is an acid salt. 

Q. 3. Hoio is ozone prepared ? Describe experiments to, 
illustrate its properties. Hotu toas its molecular weight determined $ 

Compare and contrast ozone and hydrogen peroxide, 

Ans, Ozone is prepared by exposing pure, dry oxygen to 
the, action of silent electric discharge in Biometi*s . ozoniser. 
The apparatus consists of two co-axial glass tubes, one fitted 
inside the other and hermetically sealed at one end. The outer 
tube has an inlet pipe near the sealed end and the other end is 
drawn out in order to form an exit tube. The outside of the 
outer tube and the inside of the inner tube are coated with tin- 
foils. These tin-foils are connected to the two binding*screws 



Siemens' ozoniser. 


Pig. 70 

fitted at the base of the apparatus, the two binding screws being 
in their turn in connection with the terminals of, a Ruhmkorff’s 
coil. Dry oxygen is passed through the annular space between, 
the tubes in slow stream and a series of silent electric discharge, 
passed through, so that the oxygen is subjected to an electrical 

21 
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strain. The gas that comes out of the exit contains a mixture 
of oxygen and ozone, 

3O2 ^ 2O3. 

The yield of ozone is only 6 to 8 % of the oxygen used. 

’ Experiments to illustrate the properties of ozone :— 

Expt, i. The gas ozone possesses a fishy odour as is 
ascertained by smelling it. 

Expt, 2. Collect dry oxygen in a eudiometer tube fitted with 
Pt-wires at the top over cone. H 2 SO 4 ,. Pass sparkless discharge 
of electricity, with the help of Pt-wires from an induction coil 
through the dry oxygen. It is partially converted into ozone 
and there is contraction in volume. This shows that ozone is a 
condensed form of oxygen. Then introduce a little oil of turpen¬ 
tine into the eudiometer tube, there is further diminution in 
voltime and it can be shown that ozone has disappeared. 

This proves that ozone is absorbed by oil of turpentine. 

Ozone is a strong oxidising agent. 

Expt, 3, Dissolve sulphur dioxide gas in water and add 
BaCl 2 solution to it. A white ppt. is obtained. Add dil. HCl. 
to the precipitate, it dissolves. 

Then take another portion of a solution of sulphur dioxide 
in water and x)ass ozone through it. Then add Ba 0 l 2 solution* 
A white ppt. is obtained, but on addition of dil. HCl, the precipi* 
tate does no't dissolve. 

The reactions are explained as follows ;— 

SO 2 + H 2 O *= H 28 O 3 

BaCla + H 2 SO 3 = BaSOa + 2 HC 1 

BaSOs + 2 HC 1 « BaCla + SOa + H gO. 

So the precipitate dissolves in the first case. 

3 SOa "I* O3 ” 3SO3 

HaO + SOa “HaSOA 

BaCla + H 2 SO 4 = BaSOa + 2HC1. 

BaS 04 is insoluble in dil. HCl. 

.• Expt, 4. Take a piece of filter paper, soak it with lead 
acetate solution. Expose this moist lead acetate paper to HgS 
'gas coming out from Kipp's apparatus. It turns black due to 
the production of lead sulphide. This paper containing moist 
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black lead sulphide is exposed to ozonised oxygen. The black 
colour disappears. 

PbS + 40 ., = PbSOi + 4O2. 

Expt. 5. Take a piece of starch-iodide paper, moisten it with 
water and expose it to the action of ozonised oxygen. Th« 
paper turns blue due to liberation of iodine from potassium 
iodide by oxidation and this iodine produces blue coloration 
with starch present. 

2KI + 0.,+ Hvi0*=02 + l2 +2KOH. 

• 

The molecular weight of ozone was determined by Soret by 
performing diffusion experiment and applying Graham’s 
law of diffusion, the density of ozone was found out and density 
X 2 was the molecular weight. The diflBculty encountered in 
this experiment was that ozone was not obtained pure, but ♦ 
admixed with oxygen. In order to get over this diflBculty of the 
dilution of ozone with oxygen, Soret allowed the gases, ozonised 
oxygen and chlorine (or carbon dioxide) to diffuse into pure 
oxygen, and measured the relative rate of diffusion v/F of each 
gas mixed with oxygen, where v is the volume of gas diffusing 
and V the total volume present in the original mixture. The 
rate of diffusion of oxygen in both directions was the same in all 


cases. 


The ratios 


V 

V 


were therefore proportional inversely to 


the square roots of the densities of the diffusing gases. 

Recently, by a determination of the vapour density of pure 
ozone by Dumas’ method, the molecular weight of ozone has 
been arrived at by Riesenfield. 

Comparison and contrast between Hydrogen peroxide and 
ozone. 


Ozone 

1. Ozone is a gas. 


Hydrogen peroxide 


1. Hydrogpn peroxide is e^ 
syrupy liquid. 


2. It has a fishy odour 


2. It is odourless. 
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Ozone 


3. Tt liberates iodine from 
neutral or acidified solution of 
potassitim iodide, but in 

■ presence of ferrous sulphate, 
'o^one cannot liberate iodine 
from potassium iodide solution. 

4. Ozone turns paper 
spakedin an alcoholic solution 
of tetrarhothyl base purple- 

violet. . • 

■ 

5. Ozone does not produce 
• any coloration with KgCraOT 

solution acidified with H 2 ^i:> 04 . 


♦ 6 . Ozone does not produce 
any coloration with titanium 

salt sofution. 

* . 

7. Ozone cannot decolorise 
acidified KMHO 4 solution. 


Hydrogen percmde 


3* It can liberate iodine 
from potassium iodide solution 
even in presence of ferrous 
sulphate. 


4. Hydrogen peroxide has 
no action on tetramethyl base 
paper. 


5. Hydrogen peroxide pro¬ 
duces an azure-blue coloration 
with KaCraOT solution acidi¬ 
fied with Ha SO 4 . The blue 
colour can be extracted with 
ether when shaken with it. 

6 . Hydrogen peroxide turns 
titanium salt solution orange* 
yellow. 

7. Hydrogen peroxide at 
once decolorises an acidified 
solution of KMn 04 . 

2 KMn 04 + 3H2SO4 + 6H2O3 
= K2SO4 + 2 MnS 04 + 8H2O 

+ SOar 


Q. 4, What are the common sources of bromine ? How is 
bromvte manufactured industrially ? State Us properties and 
uses. Name an important bromide and state its use. 

Ana. The common sources of bromine are : ( 1 ) bittern, or 

the mother liquor obtained after the crystallisation of potassium 
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chloride and its removal from a solution of Stassfurt oarnallite, 
KC1» MgCl 2 i 6 HaO which contains as impurity'; (2) Sea¬ 

water, average sea-water contains O'Olo per cent, of bromine. 

Bromine is at present manufactured industrially in American 
practice from sea-water off the North Carollina coast. The sea¬ 
water is acidified and then treated with chlorine. The bromine 
liberated is blown out by a current of air and absorbed in a* 
solution of sodium carbonate, when a mixture of sodium bromide ■ 
and sodium bromate is formed. The solution is next rendered ‘ 
acidic, when bromine is liberated and distilled off in steam. 

3Br2-l-3Na2CO3=6NaBr + NaBrO 3 + 30O2 * . 

NaBrOs + SNaBr + 611G1 = 3Br + GNaCl + SH^O. 

Properties of bromine. —Bromine is a dark-red liquid at 
ordinary temperature. It is a heavy liquid, the density ! being 
3 ”Liy at 20 ‘’ 0 . It gives off spontaneously a dark-red' poisonous 
vapour, of most irritating odour. The vapour attacks the 
mucous membranes of nose and throat very vehemently^ ^ It 
attacks also skin producing corrosive sores which are very 
difficult to heal up. Its boiling point is 69®. The vapour 
density at 228® corresponds to the molecular formula Br 2 . At 
1040®, the vapour of bromine dissociates to the extent of 
6*3 per cent. Br 2 ~Br + Br. Bromine dissolves in water and 
the solution is called bromine water. It also dissolves in alcohol, 
other, chloroform, carbon disulphide and acetic acid. • When 
bromine is passed into ice-cold water, bromine hydrate, Br 2 . 
8 H 2 O is obtained as a red solid. Bromine is neither combustible,, 
nor ordinarily a supporter of combustion, 

A jot of burning hydrogen when introduced into * bromine, 
vapour continues to burn forming HBr, but at ordinary 
temperature H 2 and Br.^ do not combine. Bromine combines’ 
directly with many elements, forming bromides. It is a mild 
oxidising agent and oxidises sulphites to sulphates. 

Na 2 SO 3 + Br + n 2 O « Na 0 SO 4 + 2nBr. 

Bromine vapour possesses mild bleaching properties, it * 
bleaches moist litmus paper, but more slowly than chlorine.. 
Bromine-water decomposes on exposure to light giving off 
oxygen. 2HaO + 2Bra “4HBr-HOa- With cold caustic soda 
or potash solution, bromine produces hypobromite and bromide. 
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whereas with hot solution of alkalies, bromate and bromide 
are obtained. 

Bra + 2K0H = KBr + KOBr + HaO 
3Br a + 6 KOH * KBrO » + 6 KBr + 3H aO. 

Uses of bromine. —Bromine is used to a certain extent as a 
disinfectant. For this purpose, bromine is absorbed in Kieselguhr 
and cut in the form of cubes and sold under the trade name 
bromum solidificatum. It is also employed as a mild oxidising 
agent and in synthetic organic chemistry, e.g., in the prepa¬ 
ration of the dye eosin and of the antiknock agent lead tetra¬ 
ethyl through ethylene dibromide used along with motor fuels. 
Bromine is also employed in the preparation of certain 
important bromides. 

•One important bromide to be mentioned is potassium 
bromide* It is used in medicine as also in the production of 
silver bromide which in its turn is employed in photography. 

Q. 6. How are the following prepared :— {a) Green vitriol ; 
(b) white lead ; (c) Arsenious oxide ; (iZ) Stannous chloride ; 
(e) Carbon bisulphide ? 

State their uses, 

Ans. (<r) Iron wire or ferrous sulphide is dissolved in dilute 
sulphuric acid, the solution filtered and the filtrate concentrated 
to.crystallisation when green crystals of FeS 04 , THgO are 
obtained. This material is manufactured by exposing heaps of 
marcasite (FeSe) to air in the presence of moisture. The result-- 
ing sulphuric acid is treated with scrap iron and the mass is 
lixiviated with water. The solution is allowed to settle in lead- 
lined vats and the clear supernatant liquid is drawn off and 
allowed to crystallize after concentrating it by passing steam 
through the pipes placed inside the solution. 

FeS 2 + HaO + 70 = FeSO^ + H 2 SO 4 . 

Green vitriol can be obtained as a by-product in the prepara¬ 
tion of HqS in a Kipp's apparatus in the laboratory. The solu¬ 
tion left behind in the H 2 S—Kipp, when filtered and concentra¬ 
ted, yields crystals of FeSO^, VHaO. 

Uses :—Green vitriol is used in dyeing, in the preparation of 
jeweller’s rouge, and in the manufacture of writing ink. 
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(b) White lead —It is manufactured by the Dutch Process 
which gives the best product. Dead grids or perforated discs of 
lead are placed above a little vinegar in small earthenware pots. 
These pots are placed on the floor of a shed which is covered 
with spent tan-bark or horsedung. The pots are covered with 
wooden planks, on which are placed more of tan-bark or horse- 
dung and then similar pots. Successive layers of wooden planks 
and pots are placed one above the other until the shed is full. 
The whole is now allowed to stand for 6 to 10 weeks. During 
the time tan-bark or horsedung undergoes fermentation, which 
generates heat and carbon dioxide. Heat vaporises acetic acid 
which in presence of atmospheric oxygen and moisture attacks 
lead forming basic lead acetate. This basic acetate of lead is 
afterwards converted by 00 2 and heat generated by fermentation 



Fig. 71 

into basic lead carbonate, 2 PbC 03 , Pb(OH) 2 , regenerating acetic 
acid. The pots are then taken out, the product is removed by 
hammering which flattens out any unchanged lead and then it 
is ground to powder, washed with water, dried and sent out to 
the market. 

2Pb + 2H 2 O + O 2 = 2Ph(OH)2 
Pb(OH )2 + 2 CH 3 COOH = Pb(CH 3 C 00 )a + 2 H 2 O 
PMCHsGOO)* + Pb(0H)2 -PUCHaOOO);, Pb(OH )2 
3{Pb(CH 3 COO) 2 .Pb(OH) 2 } + 400 2 + 2 H 2 O 

= 2[2PbC03, Pb(OH)2] + eOHsOOOH. 
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Uses —White lead is chiefly used as a pigment, and some¬ 
times in. the manufacture of flint glass. 

(c) Arsenious oxide is obtained by roasting minerals con¬ 
taining arsenic in the revolving calcinor of Oxland and Hocking, 
a rotating iron cylinder lined with refractory material, down 
which the crushed ore slides from a hopper above. Usually 
mispickel, FeAsS, is used. The ore meets the flames and hot 
gases from a furnace at the lower end. The arsenical soot is 
collected in flues. This impure arsenious oxide is purified by 
sublimation in iron pots. 

2FeABS + 5 O 2 = FoaOa + As203 + 2 SO 2 . 

Arsenious oxide is used in small doses in medicine and it is 
used for the preparation of other arsenic compounds. (7'hts ts 
heyoiid the Intermediate Syllabus.) 

(d) Stannous chloride .—The anhydrous salt is prepared by 
‘ passing dry HCl gas over heated metallic tin. The hydrated 

salt is prepared by boiling granulated tin or tin-foil with cone. 
HOl, preferably in presence of a few bits of Pt-foil. 

SnH-2HOl = SnCl2 + H2. 

!rhe solution is filtered and evaporated to crystallization 
when crystals of SnOUi 2 H 2 O separate out. This is known 
technically iCs tin salt. 

Uses .—It is used as a mordant in dyeing industry and as a 
reducing agent-in the laboratory. 

ie) Carbpn disulphide is prepared by passing sulphur vapour 
over red-hot carbon. The reaction is endothermic. 

C-1-2S = CS2. 

* 

The reaction is carried out in Taylor’s electric furnace. 
A tower 40 ft. in height and Iti ft. in diameter is used. It is 
packed with charcoal or coke from the top. There are four 
carbon electrodes set below this charcoal layer in a furnace, 
between alternate pairs of which on electric arc is struck. 
Sulphur placed in the lower part of the furnace melts and 
evaporates, the vapour passing through red-hot charcoal bed 
above the arc. CS 2 is formed and leaves the furnace at the 
top in the.form of vapour which can be condensed by cooling 
to liquid state. 
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Carbon disulphide is used to kill moths in furs, etc. and mice 
and rats in grain elevators and also as a solvent in the 
laboratory. 

Q. 6. How is metallic sodium obtahied from caustic soda ? 

State the properties and uses of the metal. 

Ans. Metallic sodium is obtained from caustic soda by the 
electrolysis of fused caustic soda in a Oastner cell and so the 
process is known as Oastner’s process. 

Caustic soda is contained in an iron pot, set in suitable brick 
work, and is kept in a melted condition by gas flames below. 

Through the bottom of this vessel passes an iron rod kept in 
the vertical position by the caustic soda in the lower and 



narrow part of the vessel, caustic soda there being in the solidifi¬ 
ed state. The anode is a cylinder of nickel, suspended from and 
kept surrounding the cathode, and is prevented from touching 
the iron cathode by means of a nickel wire-gau^:e cylinder which 
hangs from a cylindrical iron vessel which is open at the bottom 
and provided with a lid at the top and is kept hanging fr6m the 
top of the iron vessel just above the iron cathode. T/lectrio 
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current is passed by connecting the electrodes to the poles of a 
battery. The fused caustic soda is decomposed. Sodium ia 
liberated at the cathode, and being lighter than fused NaOH, 
rises up to the surface and collects inside the iron vessel 
hanging over the cathode, in which hydrogen also collects. 
This hydrogen protects sodium from oxidation. The excess 
of hydrogen escapes through the lid. Oxygen is liberated at 
the anode and escapes through an out*let at the top, Sodium is 
removed by means of perforated ladles from time to time and 
is kept under Kerosine oil 

■ 2NaOH = 2Na + H2 + Oa 

—' Anode 
Cathode 

Properties of sodium- —Sodium is a soft, silver-white metal. 
It is so soft that it can bo out with a pen>knife. Its sp. gr* is 
0*97 and being lighter than water, it floats on water. Perfectly 
dry air or oxygen is without action on sodium. But moist air 
tarnishes it on • the surface through the formation first of NaaO 
which is ultimately changed to NaaOOs due to the action of 
moisture and atmospheric COg. On this account metallic 
sodium is kept under kerosine oil. When ignited in oxygen it 
burns with a golden yellow flame producing sodium monoxide 
and sodium peroxide, NagOg. Sodium reacts with water at 
ordinary temperature to give caustic soda and hydrogen. 

. 2Na + 2HgO = 2NaOH + H 2 . 

When heated in dry hydrogen gas at 366* sodium hydride is- 
formed. 

2Na + H2«2NaH. 

With mercury it forms an amalgam. 

Na + IJg = NaHg. 

The amalgam also decomposes water, evolving hydrogen. 

Uses of Sodium.—Sodium is used for the manufacture of 
sodium peroxide and sodium cyanide ; for the extraction of 
metallic magnesium, aluminium, elementary boron and silicon. 
Sodium amalgam is used as a reducing agent. An alloy of 
sodium and potassium is used in high temperature thermometry. 

Q. 7. 20 c.e. of a pure hydrocarbon is mixed with 80 cx, of 

oxygen and exploded. The volume after explosion is 60 c.c. 

After shaking tvith caustic potash solution the volume is 20 cx. 
What is the hydrocarbon ? 
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Ana. It can be shown that immediate contraction on> 
explosion ** volume of hydrocarbon taken + volume of oxygen used 
up - volume of carbon dioxide produced. 

Here, immediate contraction after explosion = (20 + 80 - 60) 
c.c. = 40 c.c. and volume of carbon dioxide produced = (60 - 20) 
c.c. “ 40 c.c. 

Hence 40 = 20 + vol. of O 2 used up - 40 vol. of O 2 used up- 
==60 c.c. Now, carbon dioxide contains its own volume of 
oxygen. Therefore, in the formation of 40 c.c. of CO 2 , 40 c.c. of 
O 2 were used up. Hence, the remaining 20 c.c. of Og had' 
been used up in forming water by combining with hydrogen of 
the hydrocarbon. Now, 20 c.c. of O 2 can combine with 40 c-c. 
of hydrogen to form water and these 40 c.c. of hydrogen must 
have come from 20 c.c. of the hydrocarbon taken. Thus, the 
hydrocarbon contains twice its volume of hydrogen. Hence,. 
1 vol. of hydrocarbon contains 2 vols. of hydrogen. 

Then, by Avogadro’s hypothesis, if n be the number of 
molecules present in 1 vol. of hydrogen, 

n mols. of hydrocarbon contain 2n mols. of hydrogen. 

or, 1 mol. of hydrocarbon contains 2 mols. or 4 atoms of 
hydrogen, since hydrogen molecules are diatomic. 

Thus, the formula of the hydrocarbon is CajH^. 

To determine x :— 

20 c.c. of the hydrocarbon give on explosion 40 c.c. of carbon 
dioxide or 1 vol. of the hydrocarbon gives rise to 2 vols. .of carbon 
dioxide, «.e., n mols. of the hydrocarbon produce 2 » mols. of 
carbon dioxide or, 1 mol. of the hydrocarbon gives 2 mols. of 
carbon dioxide. But each molecule of carbon dioxide ccntains^ 
one atom of carbon. Hence, 2 mols, of carbon dioxide contain 2 
atoms of carbon and these two atoms of carbon must have come 
from 1 mol. of the hydrocarbon. Thus a? = 2 and the formula 
for hydrocarbon is G 2 H 4 . The hydrocarbon is ethylene. 

Q. 8. How is phosphine prepared in the laboratory ? Give a 
neat sketch of the apparatus and give equation of the reaction that 
occurs. 

Compare the properties of phosphine with those of ammonia andL 
arsine. 

Ana. Phosphine, PH 3 , is prepared in the laboratory by 
heating white phosphorus with a concentrated solution of 
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<oauBtic soda in a flask provided with an inlet tube reaching 
nearly to its' bottom and a delivery tube, both being fitted 
through the cork* closing the flask in an air-tight fashion. The 
inlot tube is connected with a laboratory gas-tap or a hydrogen¬ 
generating Kipp's apparatus. The delivery tube is dipped under 
water in a pneumatic trough. 

A small quantity of white phosphorus and a 30 per cent, 
solution of caustic potash or caustic soda are taken in the flask. 
The air in .the flask is then chased out by coal gas or by hydrogen 
frtbrrf the Kipp, as the case may he ; otherwise explosion will take 
place. When all the air has been driven out, the flask is heated 
after l)eing placed over a wire gauze. Pliosphine is evolved as 
gas, and as each bubble of gas escapes through water in the 
pneumatic trough, it catches fire and burns producing vortex 
rings of white smoke (metaphosphoric acid) as shown in tho figure. 

’ 4 P -k 3NaOH + 3H ^ O = 3NaH g PO 2 4 PH 3 

sodium hypophosphite. 



Fig. 73 
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Comparison of Phosphme with Ammonia, 


Phosphine, PH 3 

( 1 ) It is a colourless gas, 
with the smell of rotten fish. 

( 2 ) It is heavier than air. 

( 3 ) It is poisonous. 

(4) It is very slightly solu¬ 
ble in water ; the solution is 
non-alkaline and does not turn 
red litmus solution blue. 

( 5 ) Phosphine is feebly basic, 
and produces phosphonium 
compounds only with halogen 
acids, specially under pressure. 

PH 3 +HT = Pll 4 T etc. 

(6) It may be obtained by 
heating PH 4 I with alkalies. 

( 7 ) Phosphine spontane¬ 
ously burns in chlorine 

PH3+4Gl2=-PClr,+3HCl 

PH3+3GI3-PGI3 + 3HCI 


(B) When phosphine is 
passed into metallic salt solu¬ 
tions in water, phosphides of 
the metals are precipitated. 
3 OUSO 4 + 2 PH 3 = 3H 0 SO 4 

+ CU3P3 


Ammonia, NHs 

(1) It is a colourless gas» 
with a very pungent odour. 

( 2 ) It is lighter tlian ain 

(3) It is of non-poison6ti& 

nature. ' 1 

% 

( 4 ) It is extremely soluble 
in water ; the solution, is alka¬ 
line and turns red litmus solu¬ 
tion blue. 

(6) Ammonia is distinctly* 
basic and gives ‘ ammonium 
compounds with acids. 

NII 3 +HI-NIIJ. 

2NH3+H2S04 = (NH4)2S04 

(6) It is obtained by heat¬ 
ing ammonium salts vvith alka¬ 
lies. 

» 

( 7 ) Ammonia reacts with 

chlorine with evolution of heat 
and light giving N 2 and some-j 
times NGI 3 , when Gi 2 is ^n’ 
excess. . • 

8 NH 3 + 3G1 2 - 6 NH 4C1*+Na 

Nll3 + 3G]2“NCl8 + 3HCl. 

(8) When ammonia is pass- 
sed into aqueous solutions of 
metallic salts, hydroxides of the 
metals are usually precipitated. 

CuS 04 + 2NH3 + 2H20 = 
Gu(0H)2+(NH4)2S04 ' 

N. B. In excess of ammonifr^ 
Ou(OH )2 dissolves. 

Cu(OH)2 + 4NH4 0H 

rGu(NHs)4](OH)2 + 4 H 2 O. 
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Q. 1. Explain what is meant hy a *normal solution* How 
<does it differ from a *molar solution of a substance ^ 

What weight of sodium carbonate^ sodium bicarbonate and 
sulphuric acid will be required to prepare a normal solution of 
sack. 

Calculate the quantity of a sample of sodium carbonate, which 
contains 90 per cent, carbonate and 10 per cent, bicarbonate, 
that should he dissolved in water to make one litre solution, so 


N 

that it will require an equal volume of — sulphuric acid 

5 


solution for complete neutralization, 

(Na = 23*0, 0 = 12*0, S = 32*0) 

Ans. A normal solution of any substance is that which 
contains a gram equivalent of that substance dissolved in a litre 
•of its solution. 

A ‘molar* solution of a substance is one which contains 
one gram-molecule of the substance dissolved in a litre of its 
solution. Nowi for substances like monobasic acids, monacid 
bases* and salts of the type NaCl, in which one equivalent 
of the active element is present in the molecular weight of 
the substance, the gram-equivalent of the substance is the same 
as its gram-molecule. In their cases, the normal solution is 
identical with the molar solution. Thus, with HOI, 36*6 grams 
of the acid will be present in a litre of both the normal and 
gram-molecular solution. Such is also the case with NaOH or 
NaCl. But in the case of H 2 SO 4 , gram-equivalent of the acid 
is 49 grams, whereas the gram-molecule is 98 grams. Therefore, 
the normal solution of sulphuric acid will contain 49 grams of 
sulphuric acid in a litre of its solution, whereas, the molar solu¬ 
tion of sulphuric acid will contain 98 grams of the acid in a litre 
of its solution. Also, in case of salt like NasOOs. gram-equivalent 
is half its molecular weight, viz., 53 g. whereas gram molecule 
means 106 grams. Hence a normal solution of Na 2 G 08 will 
contain 53 grams in a litre of its solution, whereas a molar 
solution will contain 106 grams per litre of its solution. 
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The gram-moleoale of NssGOs is 106 grams, and so its 
equivalent weight in grams is 53, since it contains two atoms of 
the active element, sodium. Hence 53 grams of sodium carbonate 
are to be used in preparing a litre of its solution, fpr getting a 
normal solution of Na 2 G 03 . 

In the case of sodium bicarbonate, NaHCOs, the gram- 
molecule is 84 grams and since it contains one equivalent of the 
active element sodium, its molecular weight is the same as 
its equivalent weight. So, for preparing a normal solution of 
NaHCOs, 84 grams of this substance is to be used to prepare 
a litre of its solution. 

The gram-molecule of sulphuric acid, SsSOa. is 98 grams, 
but its gram-equivalent is 49 grams, since contains 2 atoms 
•of the active element, hydrogen. Hence, 49 grams of sulphuric 
acid is to be dissolved in a litre of its solution to get a normal 
solution of this substance. 


Sum ,—Since one litre of the carbonate solution is neutralised 


by an equal volume of ^ sulphuric acid, the carbonate solution is ? 


with regard to the mixture of carbonate and bicarbonate. Since 
normal solution of sodium carbonate contains 53 grams of Na 2 C 03 

N 53 

per litre of solution, ^ solution will contain or 10'6 grams of 


NagCOs* 

Let X grams of the sample of sodium carbonate supplied be 

N 

required to prepare this ^ solution. 


It contains 0’9a; grams of NaaCOs and 0‘la; grams of NaHGOa. 
Then, since 53 grams, of NaaCOs =84 grams of NaHGOs, there- 

fore O’la? grams of NaHGOs ^ ^ grams of NasGOs. Then 
.by the question, 

0 - 9 ®+^= 10’6 

84 

or, 0'9is + '063a = 10'6 
or, 0'963a = 10'6 
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• • a;=-^—,—110 nearly. 

0'963 

Therefore 11 grams of the sample of sodium carbonate 
containing sodium bicarbonate will be required to prepare the 
solution mentioned. 

Q. 2. Describe how you ivould determine the volumetric 
composition of sulphur dioxide and deduce its molecular formula 
therefrom. 

Calculate the volume of air at 30°G. and 750 mm. pressure that 
will he required for the complete combustion of 5 qiams of a 
sample of pyrites containing 40 per cent, of sulphur^ assuming 
that air contains 20 per cent, of oxygen by volume. 

Ans. Volumetric composition of sulphur dioxide is determined 
by .taking U-shaped eudiometer tube, open at one end and 
provided with, a bulb at the other, as shown in Fig. 17 p. 82. 
The bulb is fitted with .an air-tight glass stopper having two 
stout copper wires, one of which carries a copper spoon fitted to 
it. The spoon and the other wire are connected by a platinum 
spiral. There is a stop-cock fitted at the bottom of the open 
limb as shown in the figure. A small fragment of pure sulphur 
is taken on the spoon and the U-tube is filled completely with 
mercury. Pure dry oxygen is introduced in the U-tube by 
displacement- of mercury in the limb fitted with the bulb. 
The stopper carrying the spoon containing pure sulphur is then 
replaced. The mercury level is then adjusted to the same 
height in both the limbs. The volume of oxygen is then noted. 
The copper wires are connected with the two terminals of a 
battery and electric current is passed through the Pt-wiro. The 
Pt-wire becomes red-hot and ignites the piece of sulphur. Sulphur 
dioxide is produced and oxygen is used up. At first the mercury 
is depressed in the limb carrying the bulb owing to the thermal 
expansion of the volume of the gas. When the reaction is over, 
the apparatus is allowed to cool. Mercury is then found to stand 
exactly at the same level in both the limbs as before. Thus the 
volume of sulphur dioxide produced is exactly the same as the 
volurhe of Oxygen used up. 

Hence, sulphur dioxide contains its own volume of oxygen. 

Thus, from the experiment, we know that 1 vol. of sulphur 
dioxide contains 1 vol. of oxygen. Let be the number of 
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iDoleonles present in 1 vol. of • Bnlphnr dioxide. Then by 
Avogadro's hypothesis, n molecules of sulphur dioxide contain n 
molecules of oxygen, or 1 mol. of sulphur dioxide contains 1 mol. 
of oxygon, i.e.$ 2 atoms of oxygen, since oxygen molecule is 
diatomic. (Deduction from Avogadro’s hypothesis). Thereforei 
the formula of sulphur dioxide is S^Os, where x is an integer* 

Now, the density of sulphur dioxide, as determined by 
experiment, is 32. Therefore, its molecular weight»64. But 
32 is contriln^d by 2 atoms of oxygen. Thus, 32 of the 
molecular w5gnt of Sulphur dioxide is ^contributed by sulphur* 
But 32 is the atomic weight of sulphur and thus it stands for 
1 atom of sulphur. 

Hence a; = If and the molecular formula of sulphur dioxide 
is SO 2 * 


If the sample of i)yrite8 bo pure FeS 2 , it would have 
contained 63’3% S and 46'7% Fe. But since the sample contains 
40% S, there are impurities (like silica) present in the sample 


and so it contains proportionate iron, viz,, 


46*7 X 40 
63*3 


or 


36% 


nearly of iron. 


So, 6 grams of the sample contain ^ grams of sul- 


5 X 35 

phur and --r-r- or, 1*76 grams of iron. 

100 

20 


Now from the equations, 

S + 02=S02 
32 32 

, and 4Fe + 302 *“ 2 Fe 208 
. 4 X 66 3 X 32 

Ve know '• that 32 grams of sulphur require 32 grams of * 
oxygen, or 22’4 litres of oxygen at N.T.P., for complete 
combustion and 4 x 56 grams of iron require 3 x 32 grams of 
oxygen, or 3 x 22*4 litres of oxygen at N.T.P. fpr its complete 
combustion, the volumes being computed on the basis that the 
molecular weight of any gas expressed in grams occupies 22*4 
litres at N.T.P. 


22 
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Therefore# ‘ 2 grams of sulphur will require 


2 X 22*4 

32 


litres 


or 


T'4 litres of oxygen at N.T.P. for complete combustion and 

1*75 grams of iron will require--— ^ litres or 0*625 

66 X 4 

litres of oxygen at N.T.P. for complete combustion. Therefore 
total volume of oxygen required =1*925 litres at N.T.P. Since 
aif contains 20 per cent, of oxygen by volume, th^^fore volume 

*^of air required * ^ ^ litres at N.T.P. = 9 626 litres at 

20 

N..T.P. ■ . . 

• Let V be the volume of air at SO^O. and 750 mm. pressure. 
Jlhen, by Boyle's and Charles’ laws, we have 

9*625 X 760 _ Fx75Q 
273 273 +"30 


Therefore, 


F= 


9*625 X76 0 x m 
273 X 750 


= 10*82 litres 

= Volume of air required for complete combustion of 

6 grams of the sample of fpyrites, measured at 30®C. and 
750 mm. pressure. 

Q. 3. Both air and nUrotis oxide contain nitrogen and 
oxygen. How would you prove that in the one they are present 
^as a mechanical mixture and in the other as a chemical compound ? 

, You are given thi'ee cylinders containing nitrous oxide, nitric 
oxide and air respectively. Describe experiments by which you 
can distinguish between them. 

Hoio can nitric oxide be converted into nitric acid and the 

latter bach again into nitric oxide ? Give equations. 

■ 

Describe what happens when nitric oxide is passed into a 
' solution of ferrous sulphate. 


Ans. Air is a mechanical niixture of nitrogen and oxygen, 
whereas nitrous oxide is a chemical compound of nitrogen and 
oxygen.' 
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The following are the reasons for considering air to be a 
mechanical mixture of nitrogen and oxygen :— 

(1) In a mechanical mixture of two or more substances the 
properties of the different ingredients are retained, biit when a 
compound is formed from two or more ingredients, the molecules 
of the ingredients are changed and new molecules are formed 
These new molecules have properties altogether different irom 
those of the molecules of the ingredients. 

Thus, the properties of both nitrogen and oxygen are founff to 
be present in air ; for example, oxygen is a supporter, of combust 
tion. so is also air, though to a less extent, on account of its 
dilution with nitrogen. Oxygen is absorbed by alkaline pyroga- 
llate, while oxygen present in air is also absorbed by alkaline 
pyrogallate. But alkaline pyrogallate cannot remove oxygen by 
absorption from any of the oxides of nitrogen which are com¬ 
pounds of nitrogen and oxygen. After removal of oxygen from 
air by absorption with alkaline pyrogallate, nitrogen left shows 
all the properties of nitrogen. 

Therefore air is considered to be a mechanical mixture. 

(2) The analyses of samples of air drawn from* different 
localities and different altitudes show that the proportion of 
nitrogen and oxygen in air by weight is nearly constant, yet 
slight variations are noticeable. But even the slightest deviation 
from constancy in composition is not possible in the case of a 
chemical compound. 

Air is therefore considered to be a mixture of- oxjgen and 
nitrogen. 

4 • 

(3) When gases combine chemically, there is always a ther* 
mal effect, and oftentimes a change in volume is observed. But 
when 23 parts by weight of oxygen are mixed with 77 parts by 
weight of nitrogen, there is neither any heat change nor any 
change in volume yet the mixture behaves in every way like 
ordinary air. 

Thus, air is a mechanical mixture. 

(4) The density and other physical properties of' air. are 
average of those properties of the constituents, nitrogen and 
oxygen, in the proportion in which they are present in air. Thus, 
taking d to be the density of air which contains nitrogen and 
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oxygen in the proportion 4 : 1 by Tolume approximately, we can> 
calculate d as follows :— 

Weight of air *=• Weight of nitrogen + Weight of oxygen. Tak¬ 
ing into consideration 100 vols. of air formed by the admixture 
of 80 vols. of nitrogen and 20 vols. of oxygen, 

100 xd«80x 14 + 20x16 
-1120+320 
-1440 
'd -14*4 

The observed density of air is also 14*4-just the value 
calculated on the assumption that air is a mechanical mixture. 

Therefore air is nothing but a mechanical mixture. 

(5) There. are five different oxides of nitrogen whoso gravi¬ 
metric compositions are such that they obey the Laio of Multiple 
proportions^ The composition of air by weight (77 nitrogen : 23 
oxygen) is such that no simple formula can be assigned to it. (77 
parts'by weight of nitrogen stand for 5j atoms of nitrogen and 
23 parts by weight of oxygen stand for 1'4376 atoms of oxygen.) 
Thus the Law of Multiple Proportions as applied to the case of 
definite oxides of nitrogen cannot be applied here. 

Therefore air is a mechanical mixture. Also if a formula 
for air of the type NsrOj/ depending on the composition mentioned 
be assumed for it, the density of air would be far greater than 
the actual Value. Thus the compound character of air is 
disproved. 

(6) The ingredients of a mechanical mixture can be separa¬ 
ted by easy mechanical means of separation like diffusion, dis* 
tillation, vaporisation, etc., but the components of a chemical 
compound cannot be so separated. 

The constituents of air can be separated 

(a) By diffusion '• When air is passed through a porous 
tube and then the tube be closed at both ends, nitrogen, being 
lighter than oxygen, diffuses out more readily than oxygen 
through the porous tube and the residual air left in the tube 
will be found to be richer in oxygen than ordinary air. Had 

^ ait been a chemical compound, no such separation of the cons¬ 
tituents'would have been possible. 

(b) By vaporisation : When liquid air is allowed to evapo- 
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rate, the boiling point increases from—192®C. progressively. 
Further, the gas which comes out first is richer in nitrogen than 
the gas which comes out afterwards. Hence liquid air is to 
be considered as a mixture of two liquids, liquid nitrogen and 
liquid oxygen, and it may be presumed that atmospherib air is 
also a mixture of the gases, nitrogen and oxygen. 

(c) By solution in water : If air be shaken with water, a 
part of it goes into solution, and the dissolved gas can be 
expelled by boiling. It has been found that the air thus recove¬ 
red from solution is very much richer in oxygen than ordinary 
air. Thus a partial separation of the . ingredients of air by 
solution in water followed by subsequent heating, li.e., by easy 
mechanical means, is possible. 

Air is thus proved to be a mechanical mixture. 

Now any single argument given in the above discussion may 
not be considered suflScient, but the arguments ’ taken all to¬ 
gether prove completely that air is a mechanical mixture, ahd 
7iot a chemical compound, of nitrogen and oxygen. 

But nitrous oxide does not satisfy any of the tes'ts applied 
in the case of air for proving its mixture character. On the 
other hand, the characteristics of definite chemical compound of 
nitrogen and oxygen are present in nitrous oxide. Thus, 

(1) Oxygen in nitrous oxide cannot be removed by absorp¬ 
tion with alkaline pyrogallate, nor the oxygen in ft produces 
brown fumes with nitric oxide (a characteristic of free oxygen). 

(2) Oxygen present in nitrous oxide cannot be separated 
by easy mechanical moans as mentioned in the case of separa¬ 
tion of oxygen from air. 

(3) Whatever may be the source of nitrous oxide, it has 
always the same composition by weight, viz., 7 parts by weight 
of nitrogen combined with 4 parts by weight of oxygen. 

(4) In the formation of nitrous oxide from nitrogen and 
oxygen, heat is absorbed and heat is given- up during its 
decomposition. 

(6) The volumetric composition of the gas nitrous oxide 
oan be utilised for deriving its formula and its density agrees' 
with the formula so derived. 
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(6) In nitrous oxide 2 volumes of nitrogen combining with 
1 volume of oxygen give rise to 2 volumes of nitrous oxide but in 
air 4 volumes of nitrogen and 1 volume of oxygen give rise 
exactly to 5 volumes of air. 

For determining which cylinder contains which gas, push 
the coyer plates of the cylinders a little. The cylinder in which 
brown fumes aro visible contains nitric oxide. Then bring each 
jQf the other two cylinders mouth to mouth with the cylinder 
containing nitric oxide and push the cover plates aside. That 
cylinder, the contjents of which produce copious brown fumes 
with nitric oxide, contains air and the remaining one contains 
nitrous oxide. 

Nitric oxide is first converted into nitrogen peroxide by 
•mixing With pure oxygen or air. 

2N0 + 02=2N0a. 

This nitrogen peroxide, with hot water, gives nitric acid, 

SNOa +1120 = 2 HNO 3 + NO. 

When this nitric acid mixed with an equal volume of water 
is treated with copper turnings, nitric oxide is evolved and can 
be collected, after allowing the brown fumes of NO 2 to escape, 
by displacement of water. 

3 CU + 8 HNO 3 ■"3Cu(N08)2 + 2 NO+ 4 H 2 O. 

When nitric oxide is passed into a solution of ferrous sul¬ 
phate which is faintly green in colour, the colour of the solution 
turns brown; due to the formation of a loose compound, 
FeS 04 ,N 0 . 

FeS 04 +N 0 = FeS 04 .N 0 . 

Q. 4. Name the i^rhicipal ores cf copper icith their formulae. 
How is the metal extracted from its sulphide ore and how is it 
refined ? Explain the chemical reactions involved in the different 
stages of the process. 

State the uses of the metal and its important alloys. 

Starting from copper^ describe how you would prepare a sample 
of cuprous chloride. 

Ans. The principal ores of copper are :— 

(1) Ruby ore, red copper ore or Cuprite, CU 2 O. 

( 2 ) Tenorite, CuO. 
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(3) Copper glance, CugS. 

(4) Covellite or indigo copper, CuS. 

(5) Copper pyrites, OuaS, FeaSs or CuFeSa. 

(6) Bornite or purple copper ore, SCugBi FeaSa or CusFeSs. 

(7) Malachite, CuC 03 ,Cu( 0 H) 2 . 

(8) Azurite, SCuCOs, Cu(OH) 2 . 

Extraction of copper from its sulphide ores, viz., from copper 
pyrites which is the abundant sulphide ore, is carried out in the 
following way :— ^ ^ 

(1) The sulphide ores of copper in general^ contain on an 
average 4 to 5 per cent, of copper. Hence- a preliminary con¬ 
centration of the ores is necessary and is carried oUfc by oil, 
floatation process. For this purpose the ore is first crushed and 
finely powdered. The powdered ore is next added to water con¬ 
taining a little pine oil and lime, and the mixture churned by 
blowing air through it. By this operation a froth is formed and 
comes to the top, carrying along with it the particles of copper 
ore, which are preferentially wotted by oil ; sand and other 
impurities are left in the bottom of the vessel, these being pre¬ 
ferentially wetted by water. The froth is collected by skimming 
and allowed to settle. The ore now contains 30 to 35 per cent, 
of copper. 

(2) The concentrated ore is next roasted in a multiple 
hearth furnace, the ore descending from hearth to hearth during 
roasting operation. Sulphur present in the ore is thus 
partially burnt out, forming SO 2 and the metals are partially 
oxidised. 

CuaS, Fe2S3 + 02=Cu2B + 2Fc8 + S02 

CusS, Fo2S3 + 402==Cu2S + 2FeO + 3S02. 

2 CU 2 S + 302= 2Cu 2 O + 2 SO 2 . 

The last reaction occurs only to a very small extent. 

( 3 ) The roasted ore is then mixed with coke, sand (or slag 
from subsequent operations) and a little quantity of lime and the 
mixture heated in a water-jacketed blast furnace when a little 
quantity of CuaO formed in the previous operation reacts with 
iron sulphide present giving CuaS and FeO. 

Cu 2 0 + FeS —• Cu 2 S + FoO. 

The ferrous oxide so formed and also produced in the previ-. 
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OU8 operation reacts with sand or silica, giving slag of ferrous 
Bilicate, Fe 0 + Si 02 “FeSiOs. The slag is removed in molten 
condition from above the mixture of cuprous and ferrous sulp¬ 
hides, known as copper matte or simply matte. 

( 4 ) The molten matte is then directly run into a Bessemer 
type converter with a little silica and a blast of air is introduced 
through tuyeres set at the sides of the converter a little above 
the bottom level. Iron is first oxidised here to FeO which com¬ 
bines with silica forming a slag of ferrous silicate as before. 
The slag is removed and the blast continued. CU2S then begins 
to oxidise to CU2O and when about two-third of CuaS is conver¬ 
ted into C5U2O, unchanged CU2S and OU2O react with the pro¬ 
duction of metallic copper. 

2CU2O -I- CU2S = 6 Cu + SOo. 

The slag is removed, the blast stopped and the converter 
tilted to pour off molten copper. On cooling this copper assumes 
a blistered appearance due to escape of SO2 and is known as 
“blistered copper”. 

( 6 ) Blistered copper is refined by melting it down on the 
hearth of a reverberatoiy furnace when impurities like sulphur, 
lead, iron etc, aro oxidised. Some of the products of oxidation 
escape as gas, others form slag with the furnace lining of silica, 
which is removed. Next the metal begins to oxidise. Anthracite 
coal in -powder form is then sprinkled on the molten metal and 
the mass is stirred with logs of green wood. When the copper 
attains the requisite toiigh-inich, it is poured out. Thermally 
refined copper is 99 * 9 % pure. 

Further purification of copper can be effected by electrolysis. 
Thick sheets of impure copper are suspended from a metal rod 
in*a bath of CUSO4 solution, acidified with 15 % of sulphuric acid, 
and taken in an wooden vessel lined with lead. Thin plates 
of pure copper are suspended from another metal rod and are 
dipped in the same bath in such a fashion that these are 
inserted alternately between the thick sheets. The rod carrying 
the thick slabs is connected to the positive pole of a battery, 
thus making the thick slabs to function as anodes ; the rod 
carrying the thin sheets of pure copper is connected to jhe 
negative pole of the same battery and thereby the thin sheets 
of pure copper are made to function as cathodes. On passing 
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clectrio current through the bath of copper sulphate, copper 
ions pass into solution from thick sheets gradually and are 



Fig. 74 

deposited as pure metallic copper on thin sheets after neutrali* 
sat;oTi of charge on them. Impurities present either pass into 
solution or are deposited at the bottom of the bath near the 
anodes as Copper, thus obtained as 'a deposit on 

the cathode, is 99*99% pure. 

Uses of copper -*—Copper is h«.rgely used in electric industry, 
in electro-typing, for cables and wires for conveying electric 
current, and in setting up voltaic cells ; it is also used in the 
preparation of household utensils, for coinage and for the 
preparation of alloys, like brass, bronze, German silver, 'etc. 

Brass is one important alloy of copper and zinc. It is used 
for preparing house-hold uten3ils> cartridge cases and in machi¬ 
nery parts. Bronze is another alloy of copper with tin. It is used 
for making medals, statues, etc. Alloyed with a little amount 
of zinc, bronze is used in coinage. German-silver is an alloy of 
copper, zinc and nickel. It is used for preparation of cheap 
ornaments as also utensils for every-day use. 

A portion of the copper supplied in the form of copper 
turnings is taken, dissolved in nitric acid, the solution is 
evaporated to dryness and the residue strongly ignited when 
cupric oxide is produced. » 

3Cu + 8 HNO 3 = 30a(N0a), + 2NO + 4H80 
2 Cu(NOa )3 - 2 CuO + 4N08 + O 2 . 
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This black residue of cupric oxide is taken in a 6ask and 
exsess of concentrated HCl is added to it. Then the remaining 
portion of copper turnings is added to it and the mixture boiled. 
When the reactions are over, the liquid portion is poured into 
a large volume of water when a white precipitate of cuprous- 
chloride is obtained. 

• . Cu0 + 2HCl = CuCl2+H20 

Cu + CuCl2 *“ Cu 2CI2* 

Q. 5. Deacrihe the preparatio7i and properties of the following 
suhstanceSi and state their uses :— 

• (a) Plaster of Paris, (b) Bleaching powder, (c) Calomel 
(d) Corrosive sublimate,, 

Ans. (a) Plaster of Paris is prepared by heating gypsum, 
CaSO*, 2H2O, in kiln or oven to a temperature not exceeding 
120 ® 0 . out of contact with carbonaceous fuel. The above two 
precautions are to be essentially complied with, otherwise (1) 
gypsum becomes dead burnt and fails to set with water, and (2) 
in contact with carbonaceous fuel, it will be reduced to calcium, 
sulphide, OaS. 

2 (CaS 04 , 2H20) = (CaS 04 ) 2 , HaO + SHoO. 

Properties :—Plaster of Paris is a white potvder. It forms a 
hard mass with water ; this phenomenon is known as setting of 
plaster of Paris. It is due to rehydration and reconversion into 
gypsum of Plaster of Paris. 

(OaSOJs, H20 + 3H20 = 2(CaS04, 2H2O) 

. Uses :—Plaster of Paris is used for making moulds in 
pottery work and other purposes ; in surgical bandges; as a 
cempnt in ornamental castings and in the preparation of busts 

and statues. 

• 

(b) Bleaching powder is prepared by the action of chlorine- 
on dry slaked lime. Blaked lime, containing not more than 4 % 
of water, is spread upon the wooden floor of a chamber provided 
with glass doors and windows. There are wooden stirrers, 
fitted into the chamber, by means of which the lime may be 
raked from time to time. There is also a fan arrangement 
in the chamber by means of which lime may be dusted 
in. Dry chlorine, freed from HCl and C02» is passed into 

• the chamber by an inlet pipe. The gas is at first absorbed by 
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lime rapidly and when it Blackens dnwn, lime is raked with 
the wooden stirrers. The temperature is kept below 40 '* 0 . by 
circulating calcium chloride solution through pipes set in the 
floor of the chamber. The lime is left in contact with chlorine 
for about 24 hours. At the end of the operation powdered slaked 
lime is dusted inside the chamber by the fan arrangement- in- 
order to absorb the last trace of chlorine loft in excess. Bleach¬ 
ing powder is next taken out by removing the wooden plank& 
from the floor and packed in barrels. 

Ca(On) 2 + Cl 2 = Ca(OCl)Cl + H 2 0 , 

Properties of bleaching powder.— 

Bleaching powder is a white solid with the smell of dilute 
chlorine. Acids, including even the'weak carbonic acid, liberate 
chlorine from bleaching powder ; thus with IICl, the following 
reaction takes place. 

Ca(OCl )01 + 2HC1 = CaCl a + Cl 2 + H aO. ' 

In water solution, it breaks down into a mixture of CaCls^ 
and Cn(0Cl)2. 

2 Ca(OCl)Cl = CaCl a + CalOCOg. 

All good bleaching powder contains a little free lime. 

Uses :—Bleaching powder is used for bleaching fabrics and as 
a disinfectant. 

(c) Calomel or mercurous chloride is prepared by heating aa 
intimate mixture of mercuric chloride and metallic mercury in 
an almost closed vessel. Mercurous chloride vaporises and is 
condensed in the upper cooler part of the vessel in the solid! 
state. The sublimate so formed is collected by scraping and 
is repeatedly boiled with water to remove any mercuric 
chloride that also comes over as vapour and collects along with 
the mercurous chloride, the residue of mercurous chlorido is 
filtered, and then dried. 

HgC/l2 "b Bg 

Properties:—Mercurous chloride or calomel is a white 
powder, amorphous in character and without any taste. It is 
insoluble in water and in dilute acids. It is Soluble only in 
aqua regia, by which it is changed to mercuric chlorido. On 
heating it sublimes unchanged. On adding ammonia to it, it 
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’4arn3 black, possibly due to separation of metallic Hg in a 
fine state of division and at the same time amidomerouric 
chloride, NH 2 HgGl, is produced. 

Hg 2 OI3 + NH 3 = NH aHgCl + HCl + Hg. 

Uses.—Calomel is used in medicine as a purgative. 

(d) Corrosive sublimate of Mercuric chloride can be prepared 
by dissolving either mercury or calomel in aqua regia, filtering 
the solution so obtained and then crystallising the solution by 
evaporation* It is usually obtained by heating a mixture of mer¬ 
curic sulphate and sodium chloride (common salt) in long-necked, 
fiat-bottomed fiasks oh a sand'bath. A little manganese dioxide 
is addefi to the mixture in order to prevent the formation of 
calomel. by the action of reducing agent present in commercial 
common salt. 

HgS 04 + 2NaCl = HgCla + NaaSOi* 

’ After the reaction is over the flasks are cooled and then 
'broken in order to collect the cake of mercuric chloride con¬ 
densed on the upper part of the flasks. The cakes are dissolved 
in water, filtered and re-crystallised from solution for getting 
pure-product. 

* Properties :—Corrosive sublimate is a white, crystalline 
solid, the crystals being needle-shaped. It is soluble in water, 
but its solubility in ether or in alcohol is greater than it is in 
vrtiter. It is extremely poisonous. Egg albumen (white portion 
of eggs) forms an insoluble compound with mercuric chloride, 
and is, therefore, utilised as an antidote in case of mercuric chlo¬ 
ride being inadvertently swallowed. It is reduced by stannous 
chloride first into mercurous chloride and then, with more 
stannous chloride, into metallic mercury. 

2 HgCl2 + SnClo = HgaClg + SnCU 

HgsCla + SnCl 2 = 2 Hg + SnCl 4 - 

On adding ammonia to mercuric chloride, a white precipitate 
called infusible white ‘precipitate —of amidomercuric chloride 
(NHaHgCl) is formed. 

NH3 + Hg0l3=NH3HgCH-HCl. 

On adding potassium iodide solution to mercuric chloride 
solution, at first a red precipitate of mercuric iodide is formed. 
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bat the red precipitate diseolTes to a oolonrlese eolation by 
adding an ezcees of potaesiam iodide eolation, 

2 KI + HgCl, - 2KC1 + Hgl, 

2KI+HgIs = K,HgI*. 

Ueee :—Oorroeive sublimate is used in medicine as an anti* 
septic. It is also employed in taxidermy for dressing skins,.. 
furs, etc. 

Q. 6. Write what you know about any one of the following ir— 

(a) Hardness of water, {h) r us^.ina.Q{.Ar^ n. (c) oxidation and 
reduction, (d) . %ndestructihility of matter, 

Ans. (a) Hardness of water means the difficulty encountered 
in certain samples of water in producing lather with soap. With 
samples of such hard water, lather with soap is produced after 
much soap is consumed, and so with such water there is much 
wastage of soap in cleansing operation. Hardness of water rs 
due to the presence of soluble calcium and magnesium salts in' 
solution. When the hardness is due to the presence of bicarbo.. 
nates of calcium and magnesium in solution, it is called 
‘temporary hardness’ ; but when hardness is due to the presence 
of chlorides and sulphates of calcium and magnesium in solution, 
it is called ‘parmanent hardness’ of water. JFor washing of 
clothes, therefore, hardness of water is to be removfed and tfiis 
operation of removing hardness of water is known as ‘softenipjg 
of water.’ At present softening of water for industrial purposes 
is mostly carried out by Gan’s Permutit Process, by which* 
both types of hardness can be removed. Permutits are alumino¬ 
silicates of sodium which have the capacity of exchanging bases 
and hence by filtering hard water through beds of permutit, 
calcium and magnesium in the salts present in such water are 
replaced by sodium and the sodium compounds are innocuous 
from the standpoint of washing with soap. 

(h) A piece of iron^ when exposed to moist air for a time, 
is found to be covered with loose, non-coherent, easily detachable, 
brown coating called rust. The process of formation of the rust 
is called rusting. The rust is found on analysis to be chiofiy 
hydrated ferric oxide of the formula 2Fe208, 3H20. But along 
with the hydrated ferric oxide rust contains ferrous carbonate 
and hydrated ferrous oxide. The composition of rust depends 
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'dpon its age and hydrated ferric oxide predominates in the 
long run. 

Both air and water ar& necessary for the formation of rust. 
Several theories have been advanced from time to time to 
explain the rusting phenomenon. 

The drst theory to be stated is that iron rusts due to the 
oxidation of Iron through the intermediate formation of ferrous 
carbonate by the action of atmospheric CO a and moisture. 

' Fe + HaO + COa^PeOOs+Ha 

. 4FeOOa + 6 HaO + Oa - 4Fe(OH)3 + 4002. 

•me other theory suggests that COa is not essential for 
• rusting to take place. But rusting occurs through the agency 
of HaOa pr'oducod by the simultaneous attack of moisture and 
oxygen on iron. 

Fe + Oa + HaO^FeO + HsOa 
2FeO"i” HaOa "FoaOa 4" HaO. 

In support of this theory it is stated that though hydrogen 
peroxide c^nnCt detected in the solution, yet substances which 
destroy HaOa prevent rusting. 

Yet another theory stated about rusting is that rusting 
occurs due to voltaic action, impurities present in iron setting 
up a voltaic cell in contact with water containing dissolved 
oxygen. In support of this theory it may be stated that very 
pure iron does not rust when exposed to ordinary moist air. 

Busting of iron is a serious problem in view of the fact that 
«, great loss is incurred by mankind, due to this transformation 
of iron to- hydrated ferric oxide which scales off readily from the 
surface of iron. Hence attempt is made all over the world to 
prevent this rusting of iron. Several processes are in operation, 
viz. (a) covering of the iron surface with paints, like A1 powder, 
red loadi etc., coal tar, pitch, etc. ; (b) covering the metal surface 
with a layer of FegO^ by blowing steam over the red hot metal; 
(c) galvanising with zinc, tinning and calorising (i.e. coating with 
aluminium oxide on the surface followed by aluminium metal 
coating in the interior.) 

(c) Oxidation is the process which increases the proportion 
of oxygen or of an equivalent electro-negative element or radical 
in an element or a compound, or diminishes the proportion of 
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hydrogen oi! of an electro-positive element or radical in a 
-compound. 

Beduction is just the reverse operation to oxidation. Thus, 
reduction is the process which increases the proportion of 
hydrogen or of an electro-positive element or radical in an 
element or a compound, or diminishes the proportion of oxygen 
•or of an equivalent electro-negative element or * radical in ^a 
■compound. * 

Illustration of the phenomenon of oxidation " 

(i) When sulphur is burnt in oxygen, it is oxidised to sulphur 
‘dioxide, by adding up oxygen : 

S + Oa^SOa. 

(ii) When iron is heated in a stream of chlorine gas, it is 
oxidised to ferric chloride, by adding up an electro-negative 
■element, chlorine, to itself :— 

2 Fe + 3Cl2«2FeCl3. 

(iii) When hydrochloric acid is heated with manganese 

dioxide, it is oxidised to chlorine by removal of hydrogen :— ‘ 

4:HC1 + MnOa = MnCU + Cla + 2 H 2 O. 

(iv) When potassium iodide solution is treated with hydro¬ 
gen peroxide, it is oxidised to iodine by removal of the electro- 
jiositive element potassium :— 

2 KI + H202-2K0H + I2 

Illustrations of the phenomenon of reduction :— • 

■ 

(i) When hydrogen gas is ])assed over heated copper oxide 

{black),CuO is reduced to metallic copper (red) by removal of 
•oxygen :— • 

CuO + Ha “Cu + HaO. 

(ii) When ferric chloride solution (yellow) is treated with 
granulated zinc and hydrochloric acid, ferric chloride is reduced 
to ferrous chloride (solution colourless) by nascent hydrogen by 
the removal of a certain proportion of the electro-negative 
‘element chlorine :— 

FeOU+H^FeOla + HCl. 

(iii) When sulphui^etted hydrogen is passed into iodine sus- 
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pended in water, iodine is reduced to hydroiodic and by addition 
of hydrogen 

H 2 S + Ig 2HI + 6. 

(iv) when mercury ie triturated with iodine in a mortar,, 
iodine is reduced to mercurous and mercuric iodides, by the 
pddition of the eletro-positive element mercury :— 

2Hg + l2=Hg2l2 
Hg + l2«Hgl2. 

Among inorganic compounds, oxidation usually denotes an 
increase iii the active valency of the central atom, as for 
4 Simple, when ferrous chloride is oxidised to ferric chloride, or 
'stannous chloride is oxidised to stannic chloride. 

Clo 

Fe^-Clg ^Fe+®Cls 
cig • 

From ionic -standpoint, if we take into consideration the 
reaction 

. 2Fe01s+SnCl 2 = SnCl4 + 2 FeClai 

it can be represented as 

2 Fe‘*+‘^ + Sn++ = Sn++‘^+ + 2Fe'"'''. 

Here it is evident that stannous ion is oxidised by the loss of 
two.electrous which have passed to the two ferric ions, reducing 
them to the ferrous state. 

Hence, oxidation may be defined as a loss of electrons and 
reduction as a gairi of electrons^ 

Moreover, it must also be observed that oxidation and 
reduction take place simultaneously in a system. Whenever 
a substance is oxidised, another one is reduced. Thus, when 
stannous chloride solution is added to a solution of mercuric 
chloride, a white precipitate of mercurous chloride is obtained. 
Here mercuric chloride is reduced to mercurous chloride, but 
at the same time stannous chloride is oxidised to stannic 
chloride. 

2 HgCla + SnOla^HggCla + SnCl^ 

(a) Indestructibility of matter is now accepted as a law 
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of nature and on the basis of this law the whole superstruoture 
of chemistry is built up. The law has been established from 
a series of experiments performed from the time of Lavoisier 
who introduced the use of balance in the study of chemistry. 
The law is stated as follows :— 

Matter is indestructible r it can neither be created nor destroyed 
by any reaction whatsoever, but can be transformed from one 
form into the other. 8o the total quantity of matter in every 
chemical change is exactly the same after the change as the 
total quantity of matter before the change. 

The truth of the above statement can be seen by the famous 
charcoal experiment. A round'bottomed flask is provided with a 
tightly-fitting rubber-cork, through which two stout copper 
wires are fitted. One of the copper wires is fitted with a 
copper spoon. A piece of charcoal is placed on the spoon and 
a very thin platinum wire, joining the two 
copper wires, is wound round the piece of 
charcoal. The cork with the fitting is removed 
and the flask is next filled with oxygen by 
the displacement of air. The cork is then re¬ 
placed and is tightly fitted to the mouth of the 
flask. The whole apparatus is then carefully 
weighed in a chemical balance. Electric current 
is next passed through the platinum wire by 
connecting the copper wires to the terminals of 
a battery. The thin platinum wire becomes red 
hot by the passage of the current and thereby ^^8* 

the piece of charcoal is ignited and .burns away to carbon 
dioxide gas. At the end of the reaction, the whole apparatus 
is allowed to cool and weighed again carefully. It is found 
that though the piece of charcoal has almost completely 
disappeared ( a little ash being left behind ) and is practically 
lost, the weight of the apparatus has remained unchanged. This 
proves that though charcoal has undergone a chemical change 
with apparent loss of matter, yet nothing is lost. 

The best experiments for establishing the truth of the 
Law of indestructibility of Matter are those * carried out by 
Landolt for 15 years till 1908. 

In one of his experiments Landolt took solutions of ferrous 
23 
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sulphate and silver sulphate in two different arms of a H-sbaped 

• tube as shown in the figure. These two sub¬ 
stances were chosen because they would react 
together without the production of much heat. 
The ends of the H-tube were next sealed in order 
that there might not be any mechanical loss of 
materials. The tube, was next weighed accurately 
in a sensitive balance, using another such 
tube as a counterpoise. Then the two solutions 
were carefully mixed together by tilting the 
tube. A chemical reaction occurred and metallic 
silver was deposited due to the reducing action 
of ferrous sulphate. 

.. Ag2S0* + 2 FeS 04 ‘=Fe 2 (SOJs + 2Ag. 

Aftei* the reaction was over, the tube was allowed to cool for 
some time and then weighed in the same balance by using the 
'same counterpoise. Landolt found that the weight remained 
practically constant, though there was an apparent creation of 
paatter. 

It is clearly seen from the experiment described that there 
has been no destruction or creation of Matter. 

Q. 7. Explain^ giving equaiionSt what happens when :— 

(a) Hydrogm sulphide is passed into a suspension of iodine 
in loater ; 

(b) ammonia is added to a solution of stlv&r nitrate • 

(c) sulphur ii> heated with strong sulphuric acid ; 

(d) sine is added to a solution of copper sulphate ; 

ie) green vitriol is gradually heated to redness in a tube. 

Ans. (a) When hydrogen sulphide is passed into a suspension 
of iodine in water, hydroiodic acid is formed in solution and 
sulphur separates* The colour of the mixture becomes yellowish- 
white due to separation of sulphur. 

H2S + Ia**2HI + S. 

{b) When ammonia is added to a solution of silver nitrate, 
a transient white precipitate appears and disappears very soon 
and a solution is obtained, containing silver ammine nitrate, a 
complex salt. The transient white ppt. is of silver oxide. 
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2AgN08 + 2NH*OH « Ag^O + 2 NH 4 NOa + H *0 
AgNOa +2NH*OH« [Ag{NH3)alNOa + 2HaO. 

(c) When sulphur is heated with strong sulphuric acid, 
sulphur dioxide gas is evolved and suffocating odour of burning 
sulphur is perceived. 

S + 2 H aSO* « 2 H aO + 3SO2. 

{d) When zinc is added to a solution of coppojr sulphate, 
zinc passes into solution and metallic copper is deposited* 

Zn + OUSO4 «= JSnSO* + Cu. 

(e) When green vitriol, FeS04. THsO is, gradually heate*d 
to redness in a tube, at ffrst water of crystallisation is 
expelled as water vapour, giving first the mono-hydrate, 
FeS04. H3O. The mono-hydrate, on heating at 300 ®e. in 
absence of air, since the heating is conducted in a tube, gives 
the anhydrous salt Fe804 which is white in colour. - At red-heat 
it decomposes into Fe203, SOsand SO3. 

2FeS04 “Fe203 “f" SO3 + S02* 

A brown residue of ferric oxide is left in the tube, sulphur 
trioxide and sulphur dioxide escaping as gases. 

Q. 8. Starting from iron filings, describe experiments to show 
that iron forms two senes of salts, ferrous and ferric. Where, lies 
the' difference between the two types ^ By what tests would you 
distinguish between them i Describe how you concert one to the 
other and vice versa. 

Give equations in support of yovr answer. 

Ans. Take iron filings in a beaker and then add dil, HCl 
to it. Hydrogen gas is evolved and iron passes'into solution. 
Wait till all the iron filings have dissolved. Then evaporate 
the solution out of contact with air and crystallise, when crys¬ 
tals of FeCi2f 4H2O are obtained. 

Fe + 2H01-FeCl2 + H2. 

It is a green crystalline solid soluble in water. 

Next dissolve the iron filings in a beaker in aqua regia, a 
mixture of hydrochloric and nitric acids. Wait tiU ftU the iron . 
filings have disappeared. Evaporate the solution to crystallisa* 
tion, when yellow crystals of ferric chloride FeCls, 6H2O will 
separate out. 
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It is a yellow crystallise solid, soluble in water. 

Thus two substances are obtained from iron filings, both 
containing only iron and chlorine as analysis reveals, but one 
contains 2 atoms of chlorine for every atom of iron whereas the 
other contains 3 atoms of chlorine for each atom of iron as 
determined by quantitative analysis by precipitation of their 
solutions with silver nitrate after removal of iron with ammonia 
and determination of iron in them by suitable methods. Thus 
the two series of salts are different. 

The difference between the two types lies in the difference 
in the valency slate of iron in the two classes of compounds. 
In the first type, called the ferrous compounds, iron is bivalent, 
whereas in the second type, called the ferric compounds, iron 
is trivalent. 

The reagents used for distinguishing between the ferrous 
* and the ferric compounds are potassium ferro cyanide, potassium 
ferri-cyanide and ammonium thiocyanate. 

Potassium ferro-cyanide gives lohite ppt. with ferrous salts 
when the ferrous compounds are completely free from any 
ferric compound, otherwise, if oxidation by air has caused a 
little ferric compound to be formed in the ferrous salt, a light 
blue ppt. will be produced in that case. With ferric compounds, 
potassium ferro-cyanide produces a dark blue ppt. 

Potassium ferri-cyanide, on the other hand, produces a dark 
blue ppt. with ferrous compound, and no ppt. but a brown or 
green coloration only with ferric compounds. 

Ammonium thio-cyanate produces no coloration with ferrous 
salts when absolutely pure, but produces a blood-red coloration 
with ferric compounds. 

When a ferrous compound, say ferrous chloride, is treated 
with an oxidizing agent like aqua regia, it is converted into 
fefrric chloride. 

. * HNO 3 + 8HC1 = NOCl + 2 H 2 O + 2G1 (nascent) 

FeCla + Cl*=PeCl3. 

When ferric chloride in hydrochloric acid solution in a boil¬ 
ing state is treated with stannous chloride solution which is a 
reducing agent, it is reduced to ferrous chloride. 

2 FeCl3 + SnCla - 2Pe01a + SnCU- 
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Q. 1. State and illustrate the law of Multiple Proportions 
and show how it follows from the Atofnic Theory. 

Two oxtdes of a metal, Mt v^hen heated to a constant weight In 
a current of hydrogen gave 0'lk685 gm. and 0*2264 gm, qf waU/r 
respectively per gram of the oxide used. If th^ formula for the 
latter he given by MO, find that for the other, - • 

Ans, When two elements combine to form two vr more different 
C'nnponnds, the weights of one of the elements which combiiie with a 
constant weight of the other hear a simple ratio to one another. 
The Law of Multiple Proportions is stated as abo'^ei the term 
simple ratio indicating that the ratio is capable of being expressed 
by simple whole numbers. 

The law is illustrated by taking into consideration the two 
compounds formed by two elements carbon and oxygen, visr., 
carbon monoxide and c arbon dioxide. 

In carbon monoxide, 12 parts by weight of carbon is in 
combination with 16 parts by weight of oxygen. 

In carbon dioxide, 12 parts by weight of carbon is in 
combination with 32 parts by weight of oxygen. 

Therefore the different parts by weight of oxygen, viz., 
16 and 32, which combine with a constant weight of carbon 
{viz. 12 parts by weight) are in the ratio of 16 : 32, i.e,, of 1: 2— 
which is a simple ratio. 

The law can be deduced from the famous Atomic Theory of 
Dalton. The following are the postulates of the Atomic Theory. 

(1) Matter is discrete and is composed of minute particles 
called atoms, which is incapable of further subdivision. Atoms 
can neither be created nor destroyed by any chemical process. 

(2) Atoms of the same element are similar to one another 
in all respects and are equal in weight. 

(3) Atoms of different elements have different weighty and 
•different properties. 
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(4) Chemical combination between two or more elements 
takes place by the juxtaposition of the atoms of those elements 
in simple numerical proportions, viz. 1 : 1 , 1 : 2 , 2 : 3, 3 : 2 ete. 

(4) The combining weights of the elements represent the 
combining weights of the atoms. 

« 

Prom the above postulates of the'Atomic theory, the Law of 
Multiple Proportions is deduced in the following way : 

Let the two elements A and B combine chemically to produce 
more than two compounds ; and let us suppose that the simplest 
of these compounds contains 1 atom of A combined with 1 atom 
of B in a molecule of it. Its formula, therefore, is AB. Since 
atoms are indivisible and compounds are formed by the 
juxtaposition of atoms in simple numerical proportions (Dalton’s 
Atomic Theory), 1 or more atoms of A will combine with 2 or 
nadre atoms of B, or 1 or more atoms of B will combine with 2 
dr more atoms of A to produce the other compounds of A and B. 
Let us suppose that the formula of a second compound of A and 
B bo AB 2 and that of a third compound, A 2 B 3 . Let us assume 
that the atomic weights of A and B are x and y respectively. 
* Then we find that, 

(t) in the compound AB, 

X parts by weight of A are in combination with y parts by 
weight of B ; . 

{ii) in the compound AB 2 

X parts by weight of A are in combination with 22/ parts by 
weight of B ; 

{Hi) in the compound AaBs, 


2 ( 3 ? parts by weight of A are in combination with 82 / parts by 
weight of B ; that is, 

X parts by weight of A are in combination with ^ parts 

Jk 

by weight of B. 

Therefore, the weights of B which are in combination with a 
constant weight of A, viz.y x, are in the ratio 

3 


2/ : 2i/: 


or 1:2:- or 2 ; 4 : 3, 
2 
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which is a simple ratio. Hence we see that the Law of Multiple 
Proportions follows from the Atomic J?heory. 

I. 0’12685 gm. of water contains 0’12586 x f gm. or 
0*1116 gm. of oxygen. Since this oxygen comes from 1 gm. of 
the oxide of the metal, (1 - 0*1116) gm, or Li*8884 gm, of the 
metal has combined with 0*1116 gm. of oxygen to form this 
oxide. Hence in this oxide the ratio of the weights of oxygen f 
metal is as 1 : 8 app. 

II. 0*2264 gm. of water contains 0*2264 x § gm. or 0*2012 
gm. of oxygen. Since this amount of oxygen comes from 1 gm. 
of the oxide of the metal, (1 - 0*2012) gm. or 0*7988 gm. of 
the metal has combined with 0*2012 gm. of oxygen to form this 
oxide. Hence in this oxide the ratio of the weights of oxygen : 
metal is as 1 : 4 app. 

Now, it is given that the formula of the second oxide can 
be written as MO. Now in the second oxide 16 parts by 
weight of oxygen is in combination with 64 part^ by weight 
of the metal. But in the first oxide 16 parts by weight 
of oxygen is in combination with 128 parts by weight of the 
metal. Thus, 64 parts by weight of the metal represents 1 atom 
of the metal and therefore 128 parts by weight of the metal 
stands for 2 atoms of the metal. In both oases 16 parts by 
weight of oxygen stands for 1 atom of oxygen. Hence the 
formula for the first oxide can be written as M 2 O. 

Q. 2. Describe experiments by luhich you can determine the 
volumetric composition of steam. How would you deduce therer 
from its molecular formula ? 

Both air and steam are known to contain a common constituent. 
What is the evidence that in one it is chemically combined while in 
the other it merely forms part of a mixture ? 

Ans. There is only experiment to determine the volumetric 
composition of steam. Composition of water can be determined 
experimentally by the electrolysis of acidulated water in a water 
voltameter and collecting the gases evolved at the anode and 
at the cathode separately in graduated tubes. It will be found 
that the volume of the gas collecting in the tube placed over the 
cathode is double the volume of the gas collecting in the tube 
placed above the anode. Also it can be proved by usual tests 
that the gas collecting over the cathode is hydrogen and that 
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collecting over the anode is oxygen. Thus it is established that 
2 volumes of hydrogen combine with 1 volume of oxygen to 
'produce water. 


3 volumetric composition of steam is determined by 

*^ofmann’s experiment. The apparatus consists of a U-shaped 
eudiometer tube one limb of which is closed and graduated. Near 

the closed end, two platinum 
wires are sealed into the glass, so 
JrM a that with their help gases inside 

/V F the tube can be fired by passing a 

^' I spark. Tbe closed limb is surround- 

r • B ed by a wider tube to serve as a 

t * jacket, through which amyl alco- 

j P hoi vapour (B. P. 132®C.) can be 

circulated when required. The 
other limb of the eudiometer tube 

provided with a 

II side-cock near tbe bottom. 

In performing the experiment, 
^ 1^ the closed limb of tbe eudiometer 

jl tube is first filled up with mercury 

and then a mixture of 2 volumes 

--^=' of hydrj^gen and 1 volume of 

■p,. -- oxygen \obtained by the electro- 

lysis of acidulated water, collect¬ 
ing the gases evolved at the anode and the cathode together and 
known as detonating gas)^ dried by passing through cono. H 2 S 0 *y 
was introduced into it by the displacement of mercury. Vapour of 
amyl alcohol, obtained by boiling amyl alcohol in a fiask, is then 
passed through a tube, as shown in the figure, the tube being 
attached to tbe top of the jacket. This passage of amyl alcohol 
vapour through the jacket tube is continued upto the end of the 
experiment. The amyl-alcohol vapour* passing out of the 
jacket-tube by the lower exit tube, is led to a condenser. After 


some time, when the temperature of the mixed gases becomes 
constant, the mercury level in both the limbs is adjusted to 
the same height and the volume of the mixture is carefully 
noted* Some mercury is then run out by opening the side- 
cock to reduce the pressure, the open end is next closed by 
the thumb and a single electric spark is passed through the gas 
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mixture by* connecting the two platinum wires sealed to the 
closed limb to the terminals of an induction coil. Hydrogen and 
oxygen combine with explosion to produce steam. Mercury is 
now poured in through the open limb in order to adjust its level 
in both the limbs to the same height. The volume is then 
read off carefully. 

It is found that the volume of steam produced is exactly two^ 
thirds of the volume of the mixture of hydrogen and oxygen 
taken. 

Prom the experiment described we come to know that, also 
in the case of steam, as in the case of water, 2 volumes of * 
hydrogen combine with 1 volume of oxygen and that 2 ’ vols. of 
steapi.are produced thereby. 

molecular formula of steam can be deduced from the 
a^ove experimental result by the application of Avogadro'a 
hypothesis. 

Let be the number of molecules present in 1 volume of 
each gas. 

Then, by Avogadro’s hypothesis, we get 2» molecules of 
hydrogen combine with w molecules of oxygen to produce 2n 
molecules of steam. 

Or, 2 molecules of hydroj:’en combine with 1 molecule of 
oxygen to produce 2 molecules of steam. 

Since hydrogen molecules as also oxygen molecules are 
diatomic (—Deduction from Avogadro’s hypothesis)', 4 atorqs of 
hydrogen combine with 2 atoms of oxygen to produce 2 molecules 
of steam ; or, 2 atoms of hydrogen combine with 1 atdm of 
oxygen to produce 1 molecule of steam. 

Hence, the molecular formula for steam is HeO. This formula - 
for steam is confirmed by the determination of its vapour density, 
which is found to be 9. So the molecular weight of^.steam is 18 
and this tallies with its molecular formula . 

The common constituent of air and steam is oxygen. In air, 
oxygen is present in the free state forming a part of a mixture 
with nitrogen. This is proved by the following ffilets ;— 

(1) The properties of oxygen are found to be present in air, 
viz,, its capacity to support combustion, though modified to a* 
certain extent due to admixture with the inert gas nitrogen, is 
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found to be present in air. Also free oxygen is known to be 
absorbed completely by alkalipe pyrogallate giving a brown 
solution i this is also found to occur with air, oxygen being 
completely removed from it by shaking with alkaline pyrogallate 
giving a brown solution. 

(2) Separation of oxygen from nitrogen present in air can 
be carried out* by easy mechanical means, viz., by shaking with 
water air dissolves and by boiling such solution the air that is 
expelled is found to be richer in oxygen than ordinary air. 
Thus, a partial separation of oxygen from nitrogen is effected. 
Also by fractional evaporation of liquid air, nitrogen can first be 
evaporated away and the oxygen is obtained towards the end of 
the operation. Also by diffusion a partial separation of oxygen 
from nitrogen can be carried out, nitrogen passing out through 
the porous septum at a little greater rate than oxygen and 
oxygen in a little greater proportion than nitrogen being left 
behind in the vessel- So partial separation only occurs in this 
way. Had air been a chemical compound, such separation of its 
constituents would not have been possible. 

On the other hand, water is a chemical compound of oxygen 
and hydrogen. So all the individual properties of oxygen are 
found to be absent in it. Neither can oxygen present there 
support combustion nor can it be extracted by alkaline pyrogal¬ 
late as in the case of air. Also easy separation by mechanical 
means of oxygen from hydrogen cannot be effected here, 

Q. 2. Alternative. Both air and nitrous oxide contain both 
oxygeji and nitrogen. How would you prove that in one they are 
chemically combined, while in the other they form a mechanical 
mixture ? 

Describe how you would deteimine the composition of nitrous 
oxide^by volume and deduce its molecular formula therefrom. 

Ans. Air is a mechanical mixture of nitrogen and oxygen, 
whqreas nitrous oxide is a chemical compound of nitrogen and 
oxygen. 

The following are the considerations from which it is deduced 
that itiir is a mechanical mixture of oxygen and nitrogen. 

(1) In air, the properties of its ingredients, viz., of nitrogen 
and oxygen, are found to be present in tact ; for example, the 
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characteristic properties of oxygen of supporting combustion, 
of forming brown fumes with nitric oxide and of being absorbed 
by alkaline pyrogallate, are all found in air. Only due to dilution 
with nitrogen, oxygen does not rekindle a glowing chip of wood 
here and so this property of supporting combustion vigorously 
is somewhat masked. Again, after the removal of oxygen by 
alkaline pyrogallate or ammoniacal cuprous chloride, the 
remaining gas shows ail the properties of nitrogen. 

From this behaviour we conclude tj^iat air is a mechanical 
mixture of nitrogen and oxygen. 

(2) Slight variations are noticed in the composition of air by 
weight, when it is collected from different localities and in 
different parts of the year from the same locality. But even 
the slightest variation in composition is not to be found, if air 
would have been a chemical compound. 

Air is therefore considered to be a mixture of oxygen and 
nitrogen. 

(3) In combination of gases with the formation of their 
chemical compounds, there is always a heat-change, and very 
often a change in volume is also observed. But when 1 volume 
of oxygen is mixed with 4 volumes of nitrogen, there is neither 
any heat-change, nor there is any change in volume ; yet the- 
mixture behaves in every way as ordinary air. 

Thus, air is proved to be a mechanical mixture of oxygen 
and nitrogen. 


(4) The density and other physical properties of air are- 
average of these properties of its constituents, viz.* oxygen and 
nitrogen, in the proportion in which they are present in air. 
Thus, the density of air, calculated on the mixture rule, is 
found to tally with the actual density of air. For example, 
censidering air to be a mixture of nitrogen and oxygen -in the 
proportion of 4:1 by volume approximately, the calculated 


4x14 + 1x16 
density will be -r- 



the 


actual deter¬ 


mined density of air. 

a 

Therefore, air is nothing but a mechanical, mixture of 
nitrogen and oxygen. 


(5) The composition of air by weight (77 per cent, of 
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nitrogen with 28 per cent, of oxygen) is such that no simple 
formula can be assigned to it (77 parts by weight of nitrogen can 
stand for 6 } atoms of nitrogen and 23 parts by weight of oxygen 
can stand for' 1'4376 atoms of oxygen). Also five oxides of 
nitrogen known follow • the Law of Multiple proportions, but 
keremo such law is found to be applicable* 

therefore, air is considered to be a mechanical mixture of 
ni^rojgpn an^ oxygen. 

* ( 6 ) The last and the most crucial test for settling the fact 

that air is 4 mechanical mixture, is the easy mechanical separa* 
tion of the constituents of air. The constituents of air 
can be separated. 

(a) by diffusion :—When air is passed through a porous 
tube, nitrogen, being lighter than oxygen, diffuses out more 
readily than oxygen a.nd the residue left is found to be richer in 
‘ oxygen than ordinary air. Had air been a chemical compound, 
ho-such separation of the constituents would have been possible. 

ih) by fractional evaporation of liquid air :—When liquid 
air (b. pt.—190*0.) is allowed to evaporate, the boiling point 
increases progressively. The gas which comes out first is richer 
in. nitrogen .than, the gas which comes out afterwards. Thus, 
liquid air is to be considered as a mixture of two liquids, liquid 
nitrogen and liquid oxygen, and it may be presumed that 
atmospheric air is also a mixture of the gases, nitrogen and 
oxygen. 

(c) by,solution in loater :—If air be shaken with water, a 
part of it goes into solution and the dissolved gas can be expelled 
by boiling. It has been found that the air thus recovered from 
solution is very much richer in oxygen than ordinary air. Thus, 
a partial separation of the ingredients of air by solution in 
water followed by subsequent heating, «.c., by easy mechanical 
means, is possible. 

Air is, therefore, to be considered as nothing but a mechanical 
mixture of nitrogen and oxygen, for the composition of a 
chemical compound cannot be altered by diffusion, or fractional 
evaporation, or solution. 

Any single argument given in the above discussion may not be 
considered sufiScient, but the arguments, taken all together. 
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pro^e completely that air is a mechanical mixture, and not a 
compound of nitrogen and oxygen. 

But nitrous oxide is a definite compound of nitrogen and 
oxygen. This is established from the following considerations t— 

(1) Oxygen can not be removed by absorption with alkaline 

pyrogallate, nor with ammoniacal cuprous chloride ; moreover^ 
the oxygen in nitrous oxide does not produce brown fumes with 
nitric oxide (a characteristic of free oxygen). * ^ 

(2) Whatever may be the source of nitrous Oxide, It baa 
always the same composition by weight, viz,^ 14 parts by weight 
of nitrogen combined with 8 parts by weight oroxygen. 

(3) In the formation of nitrous oxide from nitrogen and 

oxygon heat is absorbed, and heat is given up during its decom¬ 
position. Also 2 volumes of nitrogen combine with 1 volume 
of oxygen and give rise to 2 volumes of nitrous oxide. Hence 
there is also a volume change in the formation of nitrous .oxide 
from its elements. ' * . 

(4) The volumetric composition of nitrous oxide mentioned 
above can be utilised for determining its formula and its 
exi)eri men tally determined density agrees with that calculated 
from its formula so derived* 

( 6 ) Oxygen present in nitrous oxide cannot be separated by 
easy mechanical means as mentioned in the case of separation 
of oxygen from air. 

Composition of nitrous oxide by volume and deduction of itd 
molecular formula :— 


The volumetric composition of nitrous oxide is determined 
by the thumb-tube method, A thumb-tube is filled with mdrcury 
and is inverted over a deep trough of 
mercury, as shown in the adjoining 
figure. 

Nearly half of this thumb tube is 
filled up with dry nitrous oxide by 
the displacement of mercury and the 
position of the mercury level is 
marked with a rubber band after 
making the inside and outside level 
of mercury the same. Next a piece pig, 73 
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metallic sodium is introduced inside the thumb-tnbe, by placing 
it under mercury inside the tube. Then by holding the tube 
with the hand after closing the open end with the thumb, the 
piece of sodium is taken to the horizontal part of the tube by a 
jerking motion given to the tube. The tube is then replaced 
inside the trough of mercury. Next, the piece of sodium is 
heated from outside with a Bunsen burner, when it catches fire 
and combines with all the oxygen of nitrous oxide giving mainly 
sodium peroxide which is a solid and so occupies negligible 
volume. 

'iNa + 2N3O = Na^Os + 2N2. 

Nitrogen gas is left behind, as is proved by its inertness, its 
incapability to turn lime water milky and its complete absorp- 
tion by heated magnesium. The apparatus is allowed to cool 
and the level of mercury is adjusted to the same height inside 
and’ outside the tube. The mercury level is found to stand 
exactly at the same place as before. Thus it is proved that 
nitrous opde contains its own volume of nitrogen. 

Deduction of the molecular formula of nitrous oxide :— 

From the above experiment we know that 1 volume of nitrous 
oxide contains 1 volume of nitrogen. Let be the number of 
molecules present in 1vol. of nitrous oxide. Then, by Avogadro’s 
hypothesis, n molecules of nitrous oxide contain n molecules of 
nitrogen. Therefore, 1 molecule of nitrous oxide contains 
1 molecule of nitrogen, or 2 atoms of nitrogen, for nitrogen 
molecules are diatomic (deduction from Avogadro’s hypothesis). 
Thus the formula for nitrous oxide is N 2 0a;, where a; is an 
integer. Now, the density of nitrous oxide, as determined 
experimentally, is 22. Therefore, the molecular weight of 
nitrous oxide is 44* Of these 44 parts, 28 parts are accounted for 
by two atoms of nitrogen, and therefore 16 parts are to be 
accounted for by oxygen. But 16 is the atomic weight of 
oxygen. Therefore a; = 1, and the molecular formula for nitrous 
oxide is N 2 O. 

Q. 3. How is dry sulphur dioxide prepared ? Give a neat 
sketch of the apparatus used. Describe experiments to demonstrate 
its properties. 

^f^xplain what happens when sulphur dioxide is passed through 
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(a) bromine water, (6) solution of causMct soda, (o) eoneentrated 
nitric acid. Give equations, 

Ans. In the laboratory sulphur dioiide is prepared by heat- 
ing copper turnings with concentrated sulphuric acid. Some 
copper turnings are taken in a flask fitted with a thistle funnel 
and a delivery tube. Concentrated sulphuric acid is poured 
down the thistle funnel till the end of the funnel remains dipped 
under the surface of the acid. • % 

The flask is then placed on a piece of wire-gauze and heated 
with a Bunsen burner till the gas begins to be evolved. The 
source of heat is then removed and the gas is collected by the 
upward displacement of air. The gas is fairly dry and pure, but 
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may be further dried by passing through a wash bottle contain¬ 
ing concentrated H 2 SO 4 and collected over mercury. 

Cu + 2 H 28 O 4 “OuSO* + SOa + 2 Haa 

Experiments demonstrating the properties of sulphur 
dioxide : 
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(а) A lighted candle is plunged into a jar containing sulphur 
dioxide gas. The gas does not burn and the candle is extin¬ 
guished. This experiment proves that SO 2 is neither combus¬ 
tible nor a supporter of combustion. 

( б ) A dask is fitted with a cork through which a glass tube 
with a drawn out end is passed inside the fiask nearly to its 
bottom. The flask is filled with SO 2 by displacement of air and 
the cdrk with the glass tube is replaced. The flask is then in¬ 
verted and the end of the glass tube, remaining outside, fitted 
with a piece-of rubber tubing closed with a pinch cock, is dipped 
into blue litmus*solution. The flask is then cooled and the pinch* 
coot openedf when blue water slowly rises through the glass 
tube and as soon as a single drop reaches the top of the glass 
tube, water rushes up and enters the flask in the form of a foun¬ 
tain. The colour of litmus solution inside the flask becomes red. 

This experiment shows that BO 2 readily dissolves in water 
and the solution is acidic to litmus. 

( 0 ) (i) SO 2 is passed into a pink solution of potassium 

.permanganate containing a little H 2 BO 4 . The solution turns 
‘colourless, through the formation of manganous sulphate in 
solution. 

(ii) SO 2 is passed through a yellow solution of ferric 
chloride. The solution becomes colourless due to the formation 
of ferrous chloride. 

' 2 FeCl 3 + SO 2 + 2HaO = 2Fe0la + HaS 04 + 2HC1. 

These two experiments show that SO 2 possesses reducing 
properties. This property is also proved by passing SO 2 though 
Br 2 -water when the yellow solution of bromine turns colour- 
less due to formation of hydrobromic acid by reduction, 

. S 02 +Br 2 + 2 H 20 = 2 HBr+H 2 S 04 . 

• • 

(d) Bed flowers, moistened with water are introduced into 
a jar of SO a ; the flowers are bleached. 

This experiment proves that 8 O 2 possesses bleaching proper¬ 
ties, the moist vegetable colour being bleached by it. 

(e) SOa’gas is passed into a red solution of magenta. The 
red magenta solution is turned colourless. This also shows the 
bleaching property of SO 2 . 
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(f) Pass SO2 gas through H3S dissolved in water. Sulphur 
is precipitated. This experiment proves that SO2 can behave 
som^tjmes as an oxidising agent. 2H2S +SO3 “2H3O + 3S. 

(ia) When sulphur dioxide is* passed through bromine water 
the yellow colour of the solution is discharged. Bromine is 
reduced by sulphur dioxide in presence of water to hydrobromic 
acid and so the solution turns colourless. Sulphur dioxide is 
oxidised to sulphuric acid. • ,. 

Bra + S0a + 2Ha0 = 2HBr + HaS 04 .. '* 

(b) When sulphur dioxide is passed' through a solution of 
caustic soda, at first sodium sulphite is formed,-but on passing 
more sulphur dioxide in presence of water, • sodium sulphite is 
changed into sodium bisulphite which remains in solution. 

2 NaOn + SO2 = NaaSOs + 1120 

NaaSOa + H 2 O + SO 3 = 2NaHS03. 

(c) When sulphur dioxide is passed through concentrated 
nitric acid, sulphur dioxide is oxidised to sulphuric acid and. 
nitric acid is reduced to nitrogen peroxide which is evolved as a * 
brown vapour. 

SOa + 2HNO3 - H0SO4 + 2NO2. 

Q. 3 . Alternative. How is hydrobromic acid gas prepared 
in the laboratory ? Give a neat sketch of the apparatus used. 
Describe the pro-mrties of the gas. 

Explain what hapjwns luhen an aqueous soUition of hydrobro¬ 
mic acid is treated loith {a) chlorine, {b) sodium carbonate, . (c) 
metallic zinc. Give equations, 

Ans. Hydrobromic acid is prepared in the laboratory by the 
action of bromine on a mixture of red phosphorus and water. 

V 

In a flask fitted with a dropping funnel and a delivery tube, 
a mixture of red phosphorus and water is taken. The end of 
the delivery tube is connected with a U-tube containing glasa 
beads with moist red phosphorus to absorb any hi^omine vapour 
that may escape from the flask. Then bromine is gradually 
added from dropping funnel. Hydrobromic acid gas is given 
off, mixed with Bromine vapour. As the mixture passes 
through the U-tube, Bromine vapour is absorbed by moist red. 


24 
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phosphorus. jHydrobromic acid gas passes on and can he 
collected by^e upward displacement of air. The flask is to be 



Pig. 80 

gently heated towards the end of the reaction for liberating all 
the hydrobromic acid vapour. 

If a solution of hydrobromic acid is to be prepared : the deli¬ 
very tube is attached to the stem of a funnel the mouth of which 
is just dipped under the surface of water contained in a beaker. 
This arrangement prevents back suction. 

4 :P + 10Br2=4PBr« : PBr^+4H20 = 6HBr+ H3PO4 

4 P + C)Br2 = 4PBr3 ; PBra + SHgO = 3 HBr+ H3PO3. 

Properties of hydrobromic acid gas .— 

Hydrobromic acid gas is colourless, possesses pungent smell, 
fumes in moist air and is highly soluble in water. It is neither 
combustible nor a supporter of combustion. It is readily attacked 
by chlorine, bromine being liberated and HCl formed by combi¬ 
nation of chlorine with hydrogen. 2HBr+ CI2 = 2 HC 1 + Br2. 
It is acidic in character, as the name signifies, turns moist blue 
limus paper rod and forms salts when passed into solutions of 
bases or into basic oxides suspended in water. 

NaOH + HBr = NaBr + H 2O 
CuO + 2n Br = OuBr g + H 2O. 

When a solution of hydrobromic acid is treated with 



1961] 


INTERMEDIATE CHEMISTRY * 


371 


chlorine, bromine is liberated and the solution turns yellow. 
Hydrochloric acid is also formed in solution. 

2HBr + Cl2 = 2HCl + Br2. 

(6) When a solution of hydrobromic acid is treated with 
sodium carbonate, sodium bromide is formed in solution, carbon 
dioxide gas is evolved and water is produced which forms part 
of the solution. 

Na 2003 4pBr«2NaBr+ CO 2 +H20, 

(c) When a solution of hydrobromic acid is treated with 
metallic zinc, zinc bromide is formed in solution and hydrogen 
is evolved as gas. 

i 5 n + 2 HBr = ZnBr2 +H2- 

Q. 4 . Describe the ammonia-soda process for the manufacture 
cf sodium carbonate* How would you obtain caustic soda from 
it ? State the uses of these substances. 

Mcsplain, giving equations, what happens when a solution of 
caustic soda is added to a solution of (a) zinc sulphate, (6) ferric 
chloride, (c) mercitrous nitrate. 

Ans. In the ammonia-soda process for the manufacture of 
sodium carbonate, a strong solution of sodium chloride (brine), 
directly pumped from a salt-bed after pumping in water there, 
is first saturated with ammonia and the ammoniated brine is 
next treated with carbon dioxide gas. The following reactions 
take place and sodium bicarbonate is deposited in the solid 
state :— 

NaCl + NH3-J-H20-i-G02 = NH^CH-NaHG 03 . . 

The solid sodium bicarbonate is collected and then heated, 
when sodium carbonate is obtained. 

2NaHG03 = NasCOa + GO2 + H 2O. 

The working of the process is as follows :■— 

{a) A strong solution of sodium chloride, obtained as stated 
above,’ is first collected into a brine tank (shown on the left top 
of the diagram). Brine from that reservoir is next admitted 
into the saturating tank, which is an upright cylinder. Here 
the brine is saturated with ammonia. The salts of calcium and 
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dioxide, coming along with ammonia from the ammonia recovery 
plant :— . 

2 NH 3 + 00 a + H 2 O = (NH4)2C03 

CaCla + (NH J 2 CO 3 = 2 NH 4 CI + CaCOs ’ 

MgCl 2 + (NH4)a003 =-2NH4Cl + .MgC 0 H. 

The brine, when fully saturated with ammonia, is run' into a 
settling tank, where the precipitated calcium and magnesium 
carbonates settle down. , * 

(b) Ammoniacal brine i-. then pumped up from the settling 
tank to the top of the carbonating tower, provided with per¬ 
forated horizontal partitions and cooling coils and is made to 
trickle down the tower. Carbon dioxide gas is admitted at the 
bottom of the tower, so that carbonation is earned out on the 
principle of counter currents. Carbon dioxide rises i;i small 
bubbles through the perforations. The ammonium bicarbonate 
formed by the interaction of carbon dioxide, ammonia and water, 
reacts with sodium chloride solution, precipitating sodium bicar¬ 
bonate : 

NH3 + H 20 + C 02 = NH4HC03 • ' 

lSiaCl + Nn 4 HC 03 = NaHC 03 +NH 4 Cl. . 

The milky liquid containing small crystals of sodium bicar¬ 
bonate is drawn off at the base of the tower and filtered at the 
rotary vacuum filter. The crystals of sodium bi-carbonate are 
deposited as a layer on the outside of the filter and are collected 
by scraping with a knife-blade. The mother-liquor conla’ining 
ammonium chloride and some ammonium bicarbonate is’ pumped 
to the top of ammonia recovery tower. 

The sodium bicarbonate is next calcined in a covered pan on 
a rotary furnace fired on the outside. Sodium carbonate is form¬ 
ed and carbon dioxide and steam escape as gas : 

2NaHC03 =Na 2 C 03 +CO 2 +HaO. 

The carbon dioxide evolved here is utilised in the carbonating 
tower together with the gas from the lime-kiln, 

(c) In lirae-kiln limestone is heated strongly to give carbon 
dioxide and calcium oxide (quicklime) :— 

OaCOs “ CaO + 002* 

The carbon dioxide is led to the carbonating tower, while the 
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quicklime is slaked with a large quantity of water and pumped 
on to the ammonia-recovery plant in the form of milk of lime. 

(d) In the ammonia-recovery tower, which consists of an 
upper and a lower part, the mother liquor is fed into the top of 
the upper part and at the top of the lower part, milk of lime i& 
admitted. A current of steam is next admitted at the base of 
the tower. Ammonium bicarbonate is decomposed by steam, and 
ammonium chloride is decomposed by lime :— 

NH4HCO3 =NH3 + H2O + CO2 
# 2NH 4CI + Ca(OH) 2 = 2NH 3 + CaCl g + 2H 2O. 

The mixture ’of ammonia with the small amount of carbon 
dioxide passes on to the saturating tank. 

Thus the'process is self-sufficient, but certain amount (about 
2%) of ammonia is lost during working, and is to be replaced. 

Caustic soda is obtained from sodium carbonate by tho 
following operations :— 

An aqueous solution of sodium carbonate is prepared and is* 
run into causticisers^ i.e., iron tanks provided with mechanical 
agitators and fitted with a pipe for admission of steam. Quick¬ 
lime placed in an iron cage is kept dipping into the top of the 
solution, the stirrer is worked and steam is passed in. Sodium 
carbonate then reacts with calcium hydroxide formed and 
practically completely converted into caustic soda. 

NagCOg + Ca(OH)2 == 2 NaOH + CaOOg. 

pptd. 

The precipitated calcium carbonate is filtered off and caustic 
soda solution so obtained is evaporated in iron pans to get solid 
caustic soda. 

Uses of sodium carbonate •— 

Sodium carbonate is used chiefly (?‘) as a detergent, {ii) in the 
manufacture of soap and glass, [Hi) for removing permanent 
hardness in water, [iv) in the manufacture of caustic soda, (v) 
for the manufacture of serated water and [vi) as a reagent in the- 
laboratory. 

Uses of caustic soda :— 

Caustic soda is used {i) in the manufacture of [a) hard soap, 
lb) paper, (c) artificial silk. It is also employed for bleaching 
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and refining oil, in purifying bauxite a«d in the laboratory as 
a reagent. 

\>t^ When a solution of caustic soda is added to a solution 
of zinc sulphate, at first a white precipitate of zinc hydroxide 
appears, but on addition of excess of caustic soda solution the 
zinc hydroxide precipitate dissolves, forming sodium zincate* 
Sodium sulphate is also formed in solution. 

ZnS 04 + 2NaOH = Zn(OH) 2 + NagSO*. 

Zn(OH)a + 2NaOH * Na aZnOa + 2H 2 O. 

{b) When a solution of caustic soda is added to a soluticm 
of ferric chloride, a brown ■ precipitate of ferric hydroxide is 
formed and sodium chloride passes into solution. . • 

Fed 3 + 3NaOH - Fe(OH )3 + 3NaCl. 

(c) When a solution of caustic soda is added to a solution 
of mercurous nitrate, a dark grey precipitate of mercurous oxide 
is formed and sodium nitrate passes into solution. Water is also 
formed which forms a part of the solvent. 

Hg 2 (N 03)2 + 2NaOH = Hg20 + QNaNOa + H 2 O. 

Q. 4. AUet'natim. Hov) are the following substances pre^ 
pared and what are their uses ? ;— 

(a) Metallic magnesium, (b) yellow phosphoj'us, (c) potassium 
chlorate, id) bleaching powder ? 

Ans, {a) Metallic magnesium is now-a-days obtained by 
heating magnesium oxide (MgO) with low*ash carbon at about 
2000® - 2200°0. in a closed electric furance when magnesium 
vapour mixed with carbon monoxide is evolved. Next a large 
volume of hydrogen is injected into the mixture before it leaves 
the furnace in order to prevent reconversion of magnesium into 
its oxide by the reversible reaction between carbon monoxide and 
Mg. Vapours of magnesium are then condensed. The metal so 
obtained is then heated in a second electric furnace operated 
under high vacuum at a temperature of 900®C. when magnesium 
vapourises. It is condensed and collected in suitable condensers 
and melted and cast into ingots. 

MgO + G-Mg + CO. ' 

$ 

Uses of magnesium 

Magnesium flash light is used for signalling and also in pho- 
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tography. Magnesium powder is used in pyrotechny. It is also 
employed in the preparation of some light alloys like magnalium 
(an alloy of magnesium, and aluminium). 

(b ). Yellow phosphorus—Calcium phosphate, either of mine¬ 
ral origin or from boneash, is mixed with sand and coke. The 
mixture is then fed into an electric furnace by means of a 
hopper and an Archimedian Screw arrangement. 


facet ftcpfiCf" 



Fig. 82 

■ The 'electric furnace is made of brick-work and is provided 

with an outlet above for the gases and phosphorus vapour, a 

slag-hole at the bottom and carbon electrodes, sot a little above 

the bottom level as shown in the figure, between which an 

electric arc is struck, producing a high temperature. 

# 

At the temperature of the electric arc, silica reacts with 
calcium phosphate, jiroducing calcium silicate and phosphorus 
pentoxide, P 2 OS :— 

. Ca3(P04)2+ 3 Si02 “SCaSiOa-kPaOfl 

The vapour of PaOs so formed is then reduced by carbon and 
carbon monoxide is formed and phosphorus is set free in the 
form of vapour. 

2PaO5-l-100-4P-l-10CO. 

.Calcium silicate is obtained in molten condition and sinks 
to the bottom, from whence it is removed by opening the 
slag-hole. Phosphorus vapour and carbon monoxide escape 



1961] 


INTBBMBDIATB CHEMISTRY 


377 


through the outlet near the top and are passed into water 
contained in a covered tank provided with an exit pipe. Here 
phosphorus vapour condenses as yellow phosphorus and GO 
escapes as gas from the exit pipe. Fresh mixture is introduced 
from time to time and the process is continuous. 

Uses Yellow phosphorus is used in preparing red P, 
phosi^horus bronze, as a rat*poison and in incendiary bombs. 

(c) Potassium chlorate .—Potassium chlorate is now-a-days 
prepared on an industrial scale by the electrolysis of an aqueous 
solution of potassium chloride KCl, at 80®—90®C., the cathode 
and anode being ke])t in the same comportment. 

The apparatus consists of lead-lined wooden vessel providedl 
with mechanical stirrers, in which a cone, solution of .KCf 
containing a little amount of llCl is taken. The anode is made o‘ 
platiiium-iridium, and the cathode is of iron. A little potassium 
chromate is added to the solution in order to prevent cathodic 
reduction of potassium chlorate formed. Electric current is 
passed, when first of all potassium is liberated at the cathode, 
but this potassium at once reacts with water present there, 
producing KOH and evolving hydrogen as gas. Chlorine is 
liberated at the anode. Tlie temperature of the solution rises 
spontaneously and is adjusted at about 80®—90®O.' At rhe 
temperature mentioned chlorine reacts with potassium hydroxide 
solution, which is hot and concentrated, with the production* of 
potassium chlorate and potassium chloride. The solution is 
taken out, concentrated and cooled when KCIO3 crystallises out, 
leaving KOI in solution, the chlorate being less soluble than' 
chloride. The solution is used over again. 

KCl -^K' + CV 

2K+2HsO = 2KOH + Hii | oathode. 

cr =Cl+e 

Cl + Cl =Cl 2 (at the anode), 

6KOH + 3012 = KC10« + 6K01 + 3H 2 O. 

Uses :—Potassium chlorate is used in tlie preparation of 
oxygen in the laboratory, in the manufacture of matches ; in 
explosives ; in fireworks ; as an oxidising agent and in medicine. 
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{d) .Bleaching powder :—In modern works, bleaching powder 
is manufactured with the help of large rotating inclined iron 
cylinders which are cooled externally by water spray. Dry 
slaked lime, containing only 4% water, is fed in at the top and 
electrolytic chlorine diluted with air is fed in at the bottom* 
The reaction is vigorous. The temperature is kept below 40®G. 
The bleaching powder formed is discharged at the bottom and 
packed in barrels. 

Ca(OH) 2 + Cl 2 - Ca(OCl)Cl + HaO. 

CTscs :—Bleaching powder is used as an oxidising, bleaching 
and chlorinating agent, as a germicide and for water purification^ 

Q-5. Name the important ores of iron and give their formulas^ 
Describe how cast iron is produced in the blast furnace* What 
is the difference between cast iron^ steel and wrought iron ? State 
their respective uses* 

Iron is known to form two types of salts. Give examples vnth 
formula. Describe experiments by which they may be distinguished, 

Ans, Important ores of iron are 

(1) Magnetite, FegO^ 

(2) Bed HcBmatite, FeaOg. 

(3) Brown Hcematite or Linionite, 2 ^ 6303 » SHaO. 

(4) Spathic iron ore, Spathose or Siderite, FeCOg. Iron 
pyrites, FeSg, though found abundantly and possessing a largo 
amount of iron, is never used as an ore of iron on account of ita 
high sulphur content. 

* t 

The ores generally employed for the extraction of iron are- 
the oxides and the carbonate. Preliminary concentration of the 
ore is found very often unnecessary, because the naturally occur- 
ing ore is sufficiently rich in iron to be used directly in the 
operation. The ores mentioned are first roasted in order to 
drive off water and carbon dioxide, to render the mass porous and 
to convert ferrous oxide formed (in case of spathic iron ore) to 
ferric oxide. The oxide, thus obtained, is then mixed with lime¬ 
stone and coke and heated in a blast furnace which is made of steel 
and lined inside with fire-bricks. It is from 50 to 80 ft. in height 
usually, but in modern American practice, is made even 120 ft- 
high. It is broadest at the middle and is tapering towards the 
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bottom. Tho broadest part, known as the bosch, is supported on 
wrought-iron pillars. The top of*the furnace is closed by a cup-^ 
CLfid^coiM arrangement. There is an exit-pipe set beneath the cup* 
and-cone arrangement to let out the gases formed inside the fur* 
nace. The tapering base, known as the hearth is pierced at twO' 
points, the holes being kept closed with clay. One tliat is placed 


find 

iifn^stoTiQ 
fuzd tt*ucks 



Fig. 83 

above the other near the bottom is known as the slag-notch^ 
while the other is meant for taking out molten iron j)roduced and 
collected at the bottom. There are also openings in the hearth, 
round the base, fitted with pipes, known as tuyeres, through 
which hot air is blown into the furnace. 

The calcined ore mixed with coke and limestone is introduced 
into the furnace, when the furnace is lighted with faggots and 
is in operation, by lowering the cone. A blast of air, heated to 
a temperature of 700°‘“800®G. with tlie help of Cowper’s stoves, 
is then introduced through the tuyeres. The oxygen of the air 
combines with the carbon to form carbon monoxide which brings 
about the reduction of the iron oxide to iron, 

FegOa + SCO = 2Fe + SCOg. 
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A portion-of Fe 203 which may escape reduction by 00 is 
reduced by carbon itself. The spongy iron, so obtained at a 
temperature of 1000®0, absorbs various impurities like carbon, 
sulphur, phosphorus and silicon from the ore, coke, etc. This 
impure iron melts and descends to the bottom of the furnace. 
Lime obtained by the decomposition of the limestone at the 
temperature of the furnace, combines with the siliceous impuri¬ 
ties of the ore forming a molten slag which flows down with the 
molten iron to the hearth. The slag, being lighter than the 
molten iron, floats on its surface, and thus prevents oxidation of 
the *iron by the oxidising action of the blast. 

OaCOs=^CaO + OOa 
. CaO + SiOa-OaSiO;,. (Slag). 

. As the slag reaches a certain height, it is made to run out 
through the slag-notch by piercing it with iron rods. The iron 
is also run out at intervals and allowed to flow into sand- 
moulds. Iron, thus obtained, is known as pig iron or cast iron. 

The gas-mixture, consisting of 2 volumes of carbon monoxide 
and 1 volume of carbon dioxide, passes out by the exit-pipe at 
the top to a dust-catcher where dusts are deposited. The gas- 
mixture is then burnt in Cowper’s stoves which are utilised for 
preheating the air-blast introduced into the blast furnace. 


The Essential difference to be mentioned, existing between the 
’ three forms of iron, is in their carbon content, steel being 
Intermediate in composition to wrought iron and cast iron. Cast 
iron is the impurest form of commercial iron, containing 2 to 
6% of C, and also S,P,Si, Mn, etc. as impurities. Wrought iron is 
the purest form of commercial iron, containing 0*12 to 0‘25%C, 
and other impurities only in traces. Steel contains 0*25 to 
1*6%0., and traces of other impurities. Sometimes various 
elements, both metallic and non-metallici are added to S']eel in 
order to improve its qualities for various uses to which it is put. 

The essential points of difference in properties with their 
respective uses are mentioned in the following table : 
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Properties 


Cast iron 


Steel 


Wrought iron 


1. Melting 
point 

2. Brittleness 
or Mallea¬ 
bility 


1200”C. 


Brittle 


13()0°-1400"C. 


Malleable and 

brittte 


1500“C. 


Malleable 


Hardness Hard 


Hard and soft 

4. Structure | Crystalline Crystalline i Fibrous 

5. Tempering Cannot be Can be \ Cannot be 

tempered tempered i tempered. 

6. Welding Cannot be welded Can be welded ' Cannot be vrelded 


Soft- 

i Fibrous 

] Cannot be 
i tempered. 


7. Magneti- 
.sation 


Uses 


Cannot be 

mane.ntly 

magnetised 


per- 


Can be pe 

nently 

magnetised. 


perma* 


1 Cast iron is used . 
! for making cast j 
! articles like cook j 
i ing vessels, rail- 
; ings, ornamental 
] articles etc. It is 
' also employed in 
! the manufacture 
I of vTrought iron 
i and steel. 


Steel is used in 
the manufacture | 
of (1) iron rails i 
for railway lines, i 
locomotives, 
joists, cranes, 
etc , (2) imple- 
111 cuts of War 
like cannon, 
swords, armoured 
cars etc., (3; 
cultery, for 
manufacture of i 
kni\es, rajors, ! 
surgical instru- j 
uients etc. ; (4) ' 

artificial mag¬ 
nets, watch- 
springs etc. 


Cannot be per¬ 
manently ma.g-- 
netised. 

Wrought iron is 
employed in 
the preparation 
of electro-mag¬ 
nets, piano-wire 
and wire-netting'.. 
All iron articles 
of commerce 
produced .by 
haninieriijg is 
obtained from 
wrought iron. 


Iron forms two types of compounds, ferrous and ferric, 
differing in the valency state of iron in the two sets. Thus, we 
have salts like ferrous chloride, Fe 0 l 2 » 4 H 2 O, ferrous sulphate. 




382 C. U. QUESTIONS WITH ANSWEES ON [1961- 

FeSOi, 7 H 2 O 1 ferrous carbonate, FeOOa. Also we know ferric 
sulphate ^ 62 ( 804)31 ferric nitrate, Fe(N 03 ) 3 i 6 H 2 O. 

. Expei'iments for distinguishing ferrous and ferric compounds :— 

1. (a) To a solution of a ferrous salt, potassium ferro- 
cyanide solution is added. A white precipitate is formed in 
complete absence of air. 

( 6 ) To a solution of a ferric salt, potassium ferro-cyanide 
•solution is added, when a dark blue precipitate is obtained* 

2. (a) To a solution of a ferrous salt, potassium ferri-cyanide 
solution IS added. A dark blue precipitate is obtained. 

( 6 ) To a solution of a ferric salt, potassium ferri-cyanide 
solution is added. No precipitate is formed, but a brown or 
green coloration is produced. 

3. (a) To a solution of a ferrous salt, caustic soda solution 
is added. A green precipitate is usually obtained. In complete 
absence of air the precipitate is white in colour. 

• {b) To a ferric salt solution, caustic soda solution is added. 
A brown precipitate is obtained. 

4. {a) Ammonium thiocyanate solution, is added to a ferrous 
salt solution* completely free from any ferric compound. No 
coloration is produced. 

(b) Ammonium thiocyanate solution is added to a ferric 
salt solution. The colour of the solution becomes blood-red. 


SECOND PAPER 

Q. 1. Draw a sketch of the Liebig*s condenser. Name a 
liquid and describe, giving details, the method of preparing U in 
the pure state in the Laboratory involving the use of a Liebig’s 
Condenser, 

Ans. A Liebig’s condenser consists of a glass tube of a small 
bore with a wide funnel attached at one end as shown in the 
figure, provided with a jacket of a wide glass tube having two 
small side tubes near the two ends. The jacket tube is harme- 
tically sealed on to the inner smaller tube. 
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Let the liquid chosen for purification be water. Water, 
as naturally obtained, usually contains two kinds of impuritiesi 
suspended and dissolved. Suspended impurities are removed 
by filtration, then dissolved impurities are removed by distilla¬ 
tion. But dissolved gaseous impurities cannot bo removed in 
this way, but the first portion of the distillate being rejected 
up to one-third portion, the middle one-third portion of the 
distillate being collected in a clean vessel (called receiver) and the 
remaining one-third being rejected in the distilling flask, the 
middle fraction is the pure water obtained by distillation. [But 
this is not absolutely pure water. Absolutely pure water is 
obtained from the pure water obtained by distillation by 
chlorinating it while boiling, removing excess of chlorine. 



Fig. 84 


boiling after adding a strong solution of KMn 04 and KOHE and 
then distilling and condensing the water vapour with a silver 
or tin coil condenser. The middle portion is also here collected 
to get very pure water.] 

The process of distillation is carried out in the apparatus 
arranged as shown in the figure (see Fig, 84). Filtered water 
is taken in the distilling flask. The side tube of the distilling 
flask is introduced through a cork into a Liebig’s condenser as 
shown in the figure. Cold water enters the jacket by the lower 
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Bide tnbe and after circulating round the narrow inner tube, 
and getting heated in contact with steam passing through the 
inner tube leaves by the upper side-tube. The arrangement for 
this cold water circulation through the jacket is shown in the 
above figure. A clean fiask (called a receiver) is placed at tho 
other end of the condenser for collecting the condensed water. 
A thermometer is introdued into the distilling fiask through 
a cork fitted to its neck. The bulb of the thermometer is placed 
slightly below and nearly opposite to the side-tube of the 
distilling flask /is shown *in the figure. The distilling flask 
containing,' water is then heated over a piece of wire gauze, 
by, means of a Bunsen flame, till the liquid in the flask boils. 
The vapour of water, given off during boiling, passes through the 
inner tube of the Liebig’s condenser and condenses back into 
liquid water there duo to the cooling action of cold water 
circulating through the jacket and collects inside the receiver 
after triclding down the inner tube. The water collecting in 
the receiver is called the distillate. The thermometer indicates 
the boiling point of water, being the temperature of steam and 
so indicates the purity of the water vapour. 

Here, if stress be laid upon preparatioyi of a liquid in the 
pure state, we are to describe the preparation of pure bromine 
by similar operation on commercial bromine. 

Q. 1. AUe.r}hative. Describe a Bunsen Burner and the 
essential parts thereof. Enplain hoiu a candle flame is j}roduced. 
Compare the structures of a Bunsen flame and a candle flame 
when :— 

|Cl) the air hole in the Bunsen Burner is shut ; and 

J(2) the sa?ne is open. 

Ans. Bunsen Burner is the standard burner in which gas 
is burnt for getting heat from it in the laboratories. It consists 
of the following parts :— 

(1) The base, generally circular, heavy and massive to keep 
the burner upright, having a side-tube which is connected by 
means of a rubber tube with the gas-tap for supply of gas to the 
burner. The side-tube communicates inside with an upright 
jet set at the middle of the base. The gas-tap being opened, the 
gas comes out of the(orifice), and when lighted, burns with 
a long, thin vortical flame. 
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( 2 ) An upright tube called the burner-tube, which can be 
screwed round the jet. It is provided with a single or a- couple 
of holes near its lower end. The holes are called 'air-holes*. 

( 3 ) At the base of the burner round the air*holes there is a 
round ring surrounding the burner-tube also carrying one or 
sometimes two oval holes. This part is called the collar. The 
air-holes in the burner-tube can be closed, partially closed, or 
opened by rotating this collar, which is therefore often-times 
called air-regulator. 

When the burner-tube is inserted into the foot of the Bunsen 
burner and gas is allowed to pass, as the gas comes out of the 
fine orifice, a partial rarefaction is produced in the immediate 



Fig. 85 

neighbourhood of the jet. Thus, air is drawn in through, the 
air-hole, and inside the burner-tube, a mixture of air and gas 
is obtained which comes out and burns at the top of the burner* 
tube. By turning the air-regulator, the proportion between gas 
and air going up the burner-tube can be regulated and thus a 
steady flame can be obtained in position upon the top of the 
burner-tube as shown in the figure. 


25 
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The inflammable matter, of which candle is made of, is the 
wax or tallow consisting of compounds containing carbon and 
, hydrogen. When a candle is lighted, the solid wax or tallow 
^'melts and is drawn up into the wick due to the capillary action 
and is ultimately converted into a vapour which burns in air 
producing a candle flame. 

^ (1) Tha candle flame and a Bunsen flame when air-hole 

in the Bunsen burner’is.shut, i.e,., a luminous Bunsen flame, are 
sir^ilar in structure. The flame in both cases consists principally 
^ of thfee regions or zones :— 



Big. 86 

(a) The dark central region or zone, c (see Fig. 86), surround¬ 
ing ‘the wick in the candle flame and just above the burner- 
tube in Bunsen burner, containing unburnt vapours or gases 
(produced from the melted wax or tallow in the case of the 
candle flame and hydrocarbon gases issuing out of the jet and 
coming up the burner-tube in the case of Bunsen flame). This 
.is the zovs of no combustion, 

(b) Above this there is the bright region, b, which is 
coloured yellow in both cases. This is the luminous middle zone 
.of incomplete combustion. Here solid particles of carbon are 
found to separate out. 

(c) Then comes the faintly luminous outer region, a. It 
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surrounds the entire ilame. This is the zone of complete 
combustion. 

Over and above the regions mentioned there is seen * a small 
region, d, at the base of the flame .which appears bright blue in 
colour and is non-luminous* . « 

(2) The Bunsen flame, when the air-hole. is , kept 
sufficiently open, consists of two distinct ^ones or regions, 
(a) the innermost blue zone of no combustion, anrf {t) the outer¬ 
most non-luminous zone of complete eombustioif. * * 

Thus, the Bunsen flame in this case and t^ie candle'flam^ 
differ in the following respects :— 

(а) Three zones are found in a candle flame .whereas two 
zones are found in a Bunsen flame under this condition. 

(б) The flame is luminous in a caudle f(ame but non- 
luminous in a Bunsen flame of this type: 

(c) The flame of a candle is shorter in size but that of a 
Bunsen burner is longer, but the flame is shorter in size ih' 
-comparison to a luminous Bunsen flame. 

{d) A candle flame gives a lower temperature than a Bunsen 
flame under this condition because greater amount of combustion 
is going on in the latter. ■ ’ 

But if the air-holes be opened to a greater extent,‘the 
•quantity of air sucked in is greater than what is required to 
destroy luminosity, the colour of the inner zone becomes green 
and the flame begins to roar. If more air be gradually admitted, 
the flame ^strikes back', that is, the gas begins to burn nt the jet. 

Q. 2. r3466 grams of Sodium Carbonate are dissolved in 

water and the volume of the solution is made up to 250 c,c. in a 
measuring flask by gradual careful addition of water, ^ 25 c,c, of 
this solution are delivered into a porcelain basin by means of a 
pippet and exactly neutralised by 24'85 c.c. of a solution of 
Sulphuric acid run down into it from a burret in drops using 
methyl orange as an indicator. Calculate :— 

(а) The normality of the Sodium Carbonate solution ; 

(б) The normality of the acid solution ; 

(c) The amount of Sodium Sulphate formed on neutralisation. 
<Na“23*0. C = 12'0, 0 = 16*0), 
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Ans. Since 250 c.c. of the Sodium Carbonate solution con¬ 
tains 1*3456 grams of Na2C08 (anhydrous), therefore, 1000 c.c. 
of the Sodium Carbonate solution contains 1*3456 4 or 5*3624 
grams of NaaCO., (anhydrous). 

Hence, the strength of NaaCOs solution = — 

6 3 10 

= l'0166.-^ = 0-10166 (N) 

• ' lU 

a 

Let S be the strength of Sulphuric acid solution. 

Then, we have 

25x0*10155 (N) = 24*85 xS 

8 = Axo-10166(N) 

= 0*10216 (N). 

From the-equation 

NaaCOs + H 2 SO 4 =Na2S04 + CO 2 + HgO 

106 98 142 

We know that 

106 grams of NagOOs give rise to 142 grams of Sodium 
Sulphate on being neutralised with ’l-IaS 04 . 

Therefore, 1 gram of NagCOa will give rise to Tul gm- 
Na2S04. 

Hence, 0*13466 gm. of Na^COs which is present in 26 c.c. of 
the solution used will give rise to ^ 0*13456 gm. NagSOi, 

that is 0*18026 gram of Na 2 S 04 . 

Q. 3. Alternative, What is eq^iivalent weight of an element ? 
Starting from pure metalhc sodium^ state how you loould proceed 
to make a fair (not exact) direct estimate of its equivalent weight ? 

Ans. Tlie equivalent weight of an element is a number 
which expresses the parts by weight of the element which can 
combine with or displace from combination 1 part by weight of 
hydrogen (or 8 parts by weight of oxygen or 35*6 parts by 
weight of chlorine). 

Thus, the equivalent weight of calcium is 20, for 20 parts 
by weight of calcium can combine with or displace from combi" 
nation 1 part by weight of hydrogen. 
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Determination of approximate equivalent weight of sodium :— 

A little kerosine oil is placed in a weighing bottle and it is 
weighed in a chemical balance. A bit of sodium is taken from 
under kerosine oil in which it is kept and dried quickly within 
folds of filter paper and taken inside kerosine oil placed in the 
weighing bottle, taking care ‘that no kerosine oil Js lost by 
splashing. The weighing bottle with kerosine oil and a bit of 
sodium is weighed again. The difference gives the weight of 
sodium taken. The bit of sodium is thqn transferred to a hard 
glass tube closed with corks at two ends. Two glass tubes are 
fitted to the corks at two ends, one for letting in, and the other 
for exit of, gas. The hard glass tube with sodium is heated and 
chlorine gas is led in when sodium is converted into sodium 
chloride. The current of chlorine is continued till all the 
sodium is converted into its chloride. This chloride is trans¬ 
ferred to a weighed dry weighing bottle by transferring it after 
cooling the hard-glass tube to room temperature with 4 camel 
hair brush to glazed paper and thence to the weighing bottle. 
The weighing bottle with the sodium chloride is weighed again. 
The difference gives the weight of sodium chloride formed. 

Let Wi gm. be the weight of sodium taken and Wq gm. be 
the weight of sodium chloride formed. Therefore (W 2 ~‘Wx) 
gram of chlorine has combined with Wx gm. of sodium. 

Therefore, the equivalent weight of sodium, by definition 


Wx 


X 35*5. 


Q. 3. Describe the method of preparation in the Laboratory 
as well as the manufacture in the industries with a brief referenci 
to its storage of some gas with which you are familiar. What 
test is applied to identify the gas 1 

Ans. Chlorine is the gas taken for discussion. 


(a) Chlorine is prepared in the laboratory by heating con¬ 
centrated hydrochloric acid with manganese dioxide. Small 
lumps of manganese dioxide (naturally occurring pyrolusite) are 
taken in a flask provided with a thistle funnel* and a delivery 
tube passing through the cork fitted to the mouth of the flask. 
Cone. HCl is poured down the thistle funnel so that it covers 
MnOa and the end of the thistle funnel dips into the acid. A 
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deep brown solution is produced in the flask. The flask is 
clamped to a stand above a piece of wire-gauze and is connected 
by the delivery tube with a flask containing water for washing 
HOI vapour also evolved during heating. The end of the tube dips 
under water and another tube fitted to the cork attached to the 
mouth of the second flask so that It starts just from the top 
and is bent twice at right angles, serves as the delivery tube^ 
JThe flask is gently heated with a Bunsen burner. Chlorine is- 
evolved and is passed through water in the second flask to free 
it from HCl vapour and is then collected by the upward displace¬ 
ment of air. 

Mnpo + 4HC1» MnCla + 2 H 2 O + Cl*. 

* ( 6 ) * Chlorine is'now-a-days manufactured by electrolysis of 
briue in a d'iaphragm cell.' The anodes are carbon rods fitted to 
the outer compartments and the cathode is a bunch of iron rods 
suspended in the middle compartment. Chlorine is evolved at 
the carbon anodes in the two outer compartments by passing 
electric current thrpugh the electrodes. This is dried by passing 
through cone. H 2 SO 4 , liquefied and the liquid is stored in iron, 
cylinders and as such it is sent out to the market. 

Tests applied-for identifying the gas» 

The greenish-yellow colour, peculiar smell like that of blea¬ 
ching powder together with its bleaching properties help to- 
identify the gas. Moreover, by using starch-iodide paper, the 
gas can be further confirmed by the blueing of the paper. 

Q. 4. Alternative. Concentrated sulphuric acid when gently 
heated with charcoal powder evolves a gaseous mixture consisting 
of carbon dioxide and sulphur dioxide. How would you conclu¬ 
sively prove that these gases are really present and further that 
they are present in equal volumes. 

Ans, The reaction mentioned is represented by the equation 

C + 2HaS04 = CO 2 + 2 SO 2 + 2 H 2 O. 

Thus, from the equation, it is evident that under the same 
conditions of temperature and pressure, the volume of carbon 
dioxide : the volume of sulphur dioxide = 1 : 2. Thus in the last 
part of the question, equal (?) volumes is a genuine mistake. 

That the gaseous mixture obtained in the above reaction is a 
mixture of CO 2 and SO 2 can be proved in two ways :— 
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(<z) The gfts mixture is passed slowly through a U-tube 
immersed in a freezing mixture ■when sulphur dioxide condenses 
to the liquid state and carbon dioxide gas passes on. That the 
escaping gas contains OO 2 can be^shown by the passage of the 
gas through lime water which turns milky but on continuedly 
passing the gas the milkiness disappears and a clear solution 
is obtained. 

Oa(OH) a + CO 3 = OaCOg + H aO 
Precipitated 
causing milkiness. . 

OaOOs+HjO + OOs“CaHa(CO»), 

Soluble bicarbonate * 
of calcium. 

Further the escaping gas does- not contain any smell of SO»* 
(burning sulphur), when the latter is fully condensed by efficient, 
cooling. 

* 

On taking out the U-tube and heating it to room temperature, ^ 
SO 3 gas is e'Tolved recognised by its smell. The gas is passed 
through Bra — water when the Bra — water is decolorised. Then 
Bad a solution is added when a heavy white precipitate, insolu¬ 
ble in HCl, is obtained. The precipitate is, therefore, of bariurh 
sulphate. The reactions are 

Br 2 + SO 2 + 2H aO = 2HBr + H ^80^ 

BaOla + H aSO* - BaSO* + 2Hd. 

(b) The gas mixture is passed through aeidyied solution of 
potassium permanganate when SO 2 is removed, according to the 
reaction. 

2 KMn 04 + 5SOa + 2 H 2 O »= K 2 SO 4 + 2 MnS 04 + 2H 2 SO 4 . 

Then, the usual test for carbon dioxide can be applied. The . 
smell of burning sulphur present in the gas mixture together with 
its capacity to decolorise potassium permanganate solution is 
sufficient test to show the presence of sulphur dioxide in the gas 
mixture. 

For showing the volume relationship! a certain volume of the 
gas mixture is passed through a known volume of standardised 
potassium permanganate solution (taken in excess) at first and 
then through a known volume of standardised baryta solution 
(also taken in excess)* The permanganate solution is then boiled 
to expel any dissolved GO a and the gas evolved is absorbed after 
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cooling in the baryta solution used to absorb OO 2 originally. The 
excess of permanganate left over as also the excess of baryta 
remaining are determined by titration with standard oxalic acid. 
From the volume of permanganate as also of baryta used up, 
both of known strength, we can calculate the volume of sulphur 
dioxide and of carbon dioxide respectively in a given volume of 
the gas mixture used. Thus, it is proved that the volume of 
sulphur dioxide ? volume of carbon dioxide in the gas mixture is 
as 2 i 1. 

the same result can be obtained by taking the mixture of 
gases in a Hempers gas-burette over mercury, and after adjust¬ 
ing the mercury level, the volume of the mixture noted. The arm 
of the gas burette containing the gas mixture is cooled by jacket¬ 
ing it and placing freezing mixture in that jacket when SO 2 
condenses to the liquid state leaving CO* free. The mercury 
level is again adjusted and the volume of CO 2 is read off. The 
difference gives the volume of SO 2 i>re8ent in the mixture. Vol. 
of CO 2 .: Vol. of SO 2 will be found to be 1 : 2 as before. 

Q. 4. How are pure Cuprous Chloride and pure Cuprous 
Iodide prepared in the Lahoraiory ? How are they kept ? What 
are ammoniacal and acid sohitions of cuprous chloride ? To what 
uses are they put in the Laboratory ? 

Ans. Pure cuprous chloride is prepared in the laboratory 
by dissolving black cupric oxide, CuO, in excess of concentrated 
HCl in a flask. The solution so obtained is then boiled with 
copper turnings. When the reaction is over, the liquid is poured 
into a large volume of water contained in a litre beaker. A 
white precipitate of cuprous chloride is obtained. It is filtered, 
washed thoroughly with cold water and then dried. 

CuO + 2HC1 “ CuCl 2 + H aO 
CuCl 2 + Cu = 2CuCl. 

Cuprous Iodidej Cul (not included in J.il. and LSc. 
syllabus). 

Blue vitriol, CuSO^, SHaO and green vitriol, FeSO^, THaO 
are dissolved in right proportion in water and K1 solution is 
added. White precipitate of cuprous iodide is obtained. 

2 CUSO 4 + 2 FeS 04 4 - 2K1 -2CuI + Fe 2 ( 804)3 + KaS 04 . 
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The solution is filtered, washed with water oompletely and 
dried over cone. H 28 O 4 in a desiccator. 

When oompletely dry, both cuprous chloride and cuprous 
iodide can be kept in a welbatoppered bottle sealed with wax 
so that no air can enter and bring about oxidation. 

A 

Cuprous chloride is soluble in ammonia and solution so 
produced is known as ammoniacal solution of cuprous chloride 
Srud it contains cuproammine chloride, Ou(NH 3 )Cl, H 2 O if ail 
traces of oxygen are excluded. Ammoniacal Cuprous Chloride 
readily absorbs oxygen, forming a deep blue solution of cupri- 
ammine chloride, Cu(NH 3)4 Cl 21 2 H 2 O. 

Similarly, cuprous chloride is soluble in cone. HCl and the 
solution so obtained is colourless in the complete absence of 
oxygen. It is known as acid solution of cuprous chloride. It 
readily absorbs O 2 and turns green. 

4CuCl + 4HC1 + Oa « 4CuCl 2 + 2 H 2 O. 

Both ammoniacal and acid solutions of cuprous chloride are 
used in gas analysis for removal by chemical action of carbon 
monoxide, or oxygen or acetylene from a gas mixture. Acid 
solution of cuprous chloride is used in removing CO from a 
mixture of CO and CO 2 . 

Q. 6. Aliernative, Give an account of the isolation of fluorine 
by Moissan detailing the difficulties which stood in the way of its 
isolation before his time and pointing out how these were removed 
by him* 

Ans. Isolation of Fluorine by Moissan ;— '' 

Moissan isolated fluorine hy electrolysing a solution of 
potassium hydrogen fluoride, KF.HF, in anhydrous hydrofluoric 
acid, HF. The apparatus used by him was U-tube made of an 
alloy of Platinum-Iridium, provided with two side-tubes and is 
fitted with fluorspar stoppers* Two electrodes made also of the 
same Platinum-Iridium alloy and thickened at the bottom was 
inserted through the fluorspar stoppers. The whole apparatus 
was cooled by immersing in a bath of boiling methyl chloride 

(b. pt. — 23®C.). The U-tube was -rd. full with the electrolyte, 

3 

A solution of KF,HF (Fremy*s salt) in anhydrous IIF. On 
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passing current through the electrolyte, Hydrogen was liberated 
at the cathode and Fluorine at the anode. The fluorine was led' 
through a spiral of platinum kept immersed in boiling methyl 
chloride to remove any HF vapour evolved along with Fluorine 
by condensation. The gas was next passed through a tube of 
Platinum packed with NaF in order to remove the last trace of 
HF frorn^ Fluorine. The gas .was then collected in a Platinum 
vessel by the upward displacement of air. 



Fig. 87 


The difficulties which stood in the way of isolation of fluorine 
were : 

(1) Hydrofluoric acid cannot be oxidised by heating with 
MnOs or any other oxidising agent as in the case of other 
halogen acids. 

(2) Anhydrous Hydrofluoric acid is a perfect non-conductor 
of electricity and aqueous Hydrofluoric acid on electroylsia 
yields hydrogen and oxygen. 

(3) Suitable vessel for electrolysis could not be found, for 
fluorine, if evolved, attacks all the materialsi Pt forming PtF*, a 
chocolate powder, 0 forming CF^i a gaseous compound. 

(4) Also the poisonous character of anhydrous hydrofluoric 
acid in the vapourous state was not understood and so more 
than one chemist lost their lives. 

Moissan in 1886 overcame these difficulties by— 

(a) carrying out electrolytic oxidation of anhydrous HF. 
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^ {b) using a solution of KHFa in anhydrous hydrofluoric 
acid as the electrolyte. 

(c) using a U-tube made of an alloy of Pt and Iridium, the 

electrodes being also made of the same material and the stoppers 
being made of fluorspar, cork or rubber being attacked by 
fluorine. * ' ♦ 

(d) preventing the evolution of HF vapour by placing the* 
U'tube in a bath of boiling methyl chloride and any HF vapour 
evolved being removed by coolin^; with boiling methyl chloride 
(B. P.—23®0.), the last trace being removed by absorption in 
fused NaF, 

* • 

Q. 6. Give a short account of the electrometallurgy of 
Aluminium, detailing the following points : 

(a) the ores of the metal ; 

(b) the undesirable impurity in the ores ; and 

(c) the method of its removal, 

Ans. {a) Aluminium always occurs in combination with- 
other elements and is widely distributed. It is present to the 
extent of 7*3 per cent, in the earth’s crust—in all silicate 
rocks, in clay and slate. Though aluminium occurs so very 
abundantly, yet only two of its naturally occurring compounds 
can he considered as its ores, viz., bauxite, AlgOg, SHgO and 
cryolite, AIF 3 , 3NaF, since these two are employed in profitable* 
and economic extraction of the metal. No method has yet been 
worked out for the extraction of aluminium from clay. The 
metal is exclusively extracted from bauxite. 

(b) But bauxite contains impurities like Fe 20 s, Si 02 < etc^ 
The presence of these impurities in bauxite causes aluminium, 
extracted directly from it to be contaminated with iron and 
silicon, thus making the metal useless, for in that case the metal 
is easily attacked by water. 

(c) Hence it is necessary to purify bauxite before use in the 

metallurgical extraction of aluminium. This purification can be 
effected in either of the two ways mentioned below and pure 
aluminium oxide produced. Pure alumina is then used in the 
extraction of aluminium. * 

(?) Hall’s Process involving fusion : —Powdered bauxite isk 
mixed with sodium carbonate in sufficient quantity and tho 
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mixture heated to bright redness in a furnace. Sodium alumi- 
nate is formed. 

AUOa + NagCOs “ 2NaA102 + CO 2 . 

The mass is cooled and then rapidly extracted with water. 
Sodium aluminate dissolves while iron oxide, etc., remain 
insoluble. The insoluble impurities are removed by filtration. 
The filtrate is heated to 50® - 60®0. and CO 2 gas is passed into 
the clear and hot solution of NaA 102 * Aluminium hydroxide, 
Al(OH)s, is precipitated by this treatment. 

2NaA10a + CO 3 + 3 H 2 O = 2Al(OH)a + NagCO*. 

The precipitated Al(OH )3 is separated, washed, dried and 
ignited, when pure AI 2 O 3 is obtained. 

2A1(0H)3-Al20* + 3H20. 

N, B, Sodium silicate, though present in solution, is not 
decomposed by carbon dioxide and so is removed in the filtrate 
from AKOlDa. 

(a) Baeyer’s Process:—This process is applicable to red 
bauxite in ,which much EoaOn and little SiOa are present as 
impurities. Bauxite is first finely ground and then calcined 
below red heat. The calcined mass is digested with NaOH 
solution of 45% strength under 80 lb. pressure at 150®0. when 
AI 2 O 3 goes into solution as sodium aluminate and 1 * 6203 , 
Fe(OH)a, etc. remain insoluble. The solution is next diluted and 
filtered. The filtrate is next digested with a little A 1 ( 0 H )3 
obtained from the previous operation with constant agitation, 
when NaAlOa is hydrolysed and nearly the whole of aluminium 
precipitated as A1 (OH)b. The precipitated A 1 ( 0 H )3 is collected 
washed, dried and ignited, when pure alumina is obtained. 

Al203 + 2Na0H = 2NaA102 

NaAlOa + 2 H 2 O = 2 A 1 ( 0 H )3 + NaOH. 

{d) Extraction of aluminium by the electrolysis of pure 
AI 2 O 3 

* The purified bauxite is next dissolved in fused cryolite, 
contained in an electric furnace made of iron in the form of a 
box with an inside lining of gas-carbon. The box is made the 
cathode and the anode consists of stout carbon rods suspended 
from a copper rod and kept dipped into the bath. A little 
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fluorspar is added to the bath for increasing its fluidity and the 
molten bath is kept covered with a layer of charcoal. When 
electric current is passed in, the resistance of the electrolyto 
generates sufGcient heat to keep the mass in the fused^ state 
(920®0.) and aluminium oxide is decomposed. Aluminium is^ 
liberated at the cathode and the liquid metal sinks to the bottoxn- 


^ ■■ 
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Fig. 88 

of the bath. The molten metal is taken out by means of the^ 
“tap hole". Oxygen is liberated at the anode and it attacks the 
carbon anodes producing CO and CO 2 in equal volumes, which 
are given off as gases. The process is made continuous by 
shunting a lamp off the circuit, so that when all the AUOa is 
used up, the resistance of the bath increases and thereby makes 
the lamp glow. Fresh alumina is then added and the 
process is made continuous. 

2Al203=4Al + 302 
20 + 02 = 200 
0 + 02 = 002 . 

N. B, Oryolite, as obtained from mines in Greenland, is 
found to be contaminated with silica. On that account at 
present artificial cryolite produced in the works is used. 
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* 

* 1. the laios of definite and reciprocal proportion. 

Show how they- follow from Daltons Atomic theory. Give examples, 

Ans. Law of definite proportion. —The same compound always 
contains the same elements combined together in the same proportion 
b.y weight. 

For example, the compound loater can be obtained from 
various sources, such as the sea, river, rain, spring, etc., and 
also it can be synthetically prepared in the laboratory. If water 
from any of these sources be purified and analysed, it will always 
be found to consist of the same two elements, hydrogen and 
oxygon, combined in the proportion of 1 part by weight of 
hydrogen to B parts by weight of oxygen. 

Again the compound sodium chloride is obtained from sea¬ 
water, from dried-up lakes and also as rock-salt. It can also be 
obtained synthetically in the laboratory. But after purification, 
when-any of the samples is analysed, it is found that the same 
two elements sodium and chlorine are present in it combined in 
the invariable proportion of 23 parts by weight of sodium to 36*6 
parts by weight of chlorine. 

Law of reciprocal proportion.—r/te weights of different elements 
which combine separately with a constant weight of another element 
are either the same as, or simple multiples or suh^multiples of the 
loeights by which those different elements combine amongst th&tn- 
selves. 

Otherwise stated, if a c&rtain weight of an element A 
combine with a certain weight *y of an element B and a certain 
weight *z’ of an element G, then if combination between B and C 
he possible, they loill combine in the ratio y : z or in some simple 
multiple, of these, e.g., y : 2z, or 2y : z, or 2y : 3z, etc. 

For example, 31 grams of phosphorus combine with 3 grams 
of hydrogen to form PHs and with 106*5 grams of chlorine to 
form PCI .A* Hence, if hydrogen and chlorine can combine with 
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«ach other, they would do so in the proportion of 3 grams of 
hydrogen to 106‘5 grams of chlorine or in some multiple or 
sub-multiple of these numbers. We know that hydrogen and 
•chlorine do combine to form HOI in the proportion of 1 i 86*6i 
2 . 6 ., the same as 3 :106'd. 

Again, in carbon dioxide, carbon and oxygen combine in the • 
ratio 12 : 32 and in sulphur dioxide, sulphur and oxygen combine 
in the ratio 32 : 32. Then, if combination* between carbon and 
sulphur be possible, they will combine in the ratio 12 : 32 or in 
some multiple or sub-multiple of these* numbers. Actually 
carbon and sulphur combine to form carbon disulphide, these 
4iWO elements combining in the ratio 12 : 64, i.e„ as 12 : 2x 212, 

2 X 32 being a simple multiple of 32. 

Dalton’s Atomic theory postulates that matter is composed 
of discrete, very small particles called atoms, which cannot be 
further subdivided, nor can they be created or destroyed. 
Further, atoms of the same element are similar to one another 
in all respects and are equal in weight ; where.as atoms of 
different elements possess different weights’ and diff'erent 
properties. Chemical combination between two or more 
elements takes place by the juxtaposition of the atoms of different 
elements in simple numerical proportions, viz., as 1 : 1, 1 : 2, 
1 : 3, 2 : 3 etc. The combining weights of the elements represent 
the combining weights of the atoms. 

From the above postulates the above two laws of chemical 
combination can be deduced in the following way :— 

Laiv of Definite Proportion. —When elements combine to form 
a compound, the combination takes place through their atoms 
that unite. Let us suppose that x atoms of an element A 
combine with y atoms of another element B to form a molecule 
of the compound of A and B. The weights of the elements 
A and B present in such a compound are in the ratio x x at. wt. 
of A : t/ X at. of B. But the atomic weights of A and B are 
fixed, and in the compound of A and B, these two elements are, 
present in a fixed ratio. Thus the statement that the same com¬ 
pound always contains the same elements, combined together in 
the same proportion by weight, is found to bo deducible from 
Dalton’s Atomic Theory. 

(4) Law of Beciprocal Proportions. —Let us suppose that 
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a, b and c are the at. wts. three elements A, B and C respec> 
tively. And let one’ atom of A combine with one atom of B to 
form a molecule of* the compound AB and one atom of A com¬ 
bine with one atom, of C to form a molecule of the compound 
AC, Therefore, a parts by wt. of A combine with b parts by 
weight of B and c parts by .weight of C, 

(i) If now combination between B and C be possible, they“ 
will form a compound, either by combination of one atom of B 
with one atoms of C, or sp atoms of B with y atoms of 0, 
where x and y ,are positive integers. In the first case, the 
compound formed is BO and in it b parts by weight of B 
has combiaed with c parts by weight of G, Hence the weights 
in which B and G combine with each other are the same as 
the weights in which they combine separately with a fixed 
weight of A, viz., a. 

In the second case, the compound formed is BxGy, and in it 
*6Xaf parts by weight of B is in combination with c^y parts by 
■wei‘gbt of C. Now hx- x is & simple multiple of “6’’ and c^-y is 
a simple multiple of “c’*, for x and y are positive integers. 
Hence the weights in which B and C combine with each other 
are simple multiples of the weights in which they separately 
combine with a fixed weight, viz., “oi” of another element A, 

Q, 2. Describe the preparation, properties and uses of ozone. 
Give a sketch of the apparatus used for the preparation of the gas, 
Drove that ozone is made up of oxygen only. 

Ans. Ozone is prepared by subjecting pure and dry oxygen 
to silent electric discharge. The operation is carried out in 



<Sieniens’ ozoiUser. 

Fig. 89 


Siemen’s ozoniser which consists of twm concentric glass tubes, 
sealed hermetically at one end. The outer tube is coated on the 
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ontside and the inner tube on the inside with tin-foils. These 
tin-foils are connected in their tnrw to the binding screws at the 
base of the apparatus. These binding screws are also connected 
to the terminals of a Buhmkorff's coil. Dry oxygen is passed 
through the annular space in slow slreani and a series of silent 
electric discharge is passed. The gas coming out by the exit 
consists of a mixture of oxygen and ozone. 

302*=203. 

The yield is only 5 to 8% 

Properties :— Physical : Ozone is a pale blue gas with a fishy 
odour. It is slightly soluble in water, but readily dissolves in 
certain essential oils like oil of cinnamon or oil of turpentine. 
It can be liquefied by passing through a tube immersed in liquid 
air. The liquid has a deep blue colour and boils at—112*4*0. 

Chemical : —Ozone is unstable towards heat and decQmposes 
completely into oxygen at 260® - 300*0. It is a powerful 
oxidising agent. It oxidises moist lead sulphide (black) to lead 
sulphate (white) : 

PbS + 4 O 3 = PbSOi + 4 O 2 . 

It oxidises sulphur dioxide to sulphur trioxide ahd stannous 
chloride in HCl solution to stannic chloride } in these two 
reactions no oxygen is liberated but ozone is completely used up. 

aSOs+Os-SSOs 

3Sn0l2 + 6H01 + 0« = 3SnCU + 3H 2 O. 

It oxidises halogen hydracids with the liberation of the 
halogen elements. 

2HC1 + O 3 =» CI 2 + HaO + Oa. 

Moist S, P, As, etc. are oxidised to their highest oxyacids. 

S + HaO + 3 O 3 « H 2 SO 4 + 30a. 

Iodine in presence of water, is oxidised by ozone to iodic acid. 
It liberates by oxidation iodine! from neutral potassium iodide 
solution. 

2 KI + H 20 + 03 = 2 K 0 H+Ia+ 02 . 

II 

It attacks many metals. Mercury loses its mobility when it 
is brought into contact with ozone ; this is probably due to the 
oxidation of mercury with the production of HgaO which dis- 

26 
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solves in mercury, ' thereby making it lose its fluidity. The 
mobility is restored by washing the fouled mercury with water. 
Silver is oxidised by ozone to silver oxide and blackening of the 
bright surface of- silve’r ocohrs. * 

Ozone bleaches vegetable colours by oxidation. 

An aqueous solution of ozone first reddens and then bleaches 
litmus. The reddening is explained by supposing the formation 
of ozonic acid by the action of ozone on water : 

,, . O3 tl 2O4. 

♦Ultimately the bleaching occurs due to the oxidising action of 
ozone* 

. That ozone is made up of oxygen only is proved by the fact 

that. when pure and dry oxygen enclosed over concentrated 

sulp'huric acid in a graduated vessel is subjected to silent electric 

discharge, it is converted into ozonised oxygen with contraction 

in volume, as indicated by the movement of the sulphuric acid 

level. Moreover, when ozonised oxygen is heated to 300°C., no 

other gas than oxygen is obtained from its decomposition. 

« 

Hence ozone is nothing but condeused oxygen. 

• Q. 2, Alternative :— 

Describe the preparation and proiyeriies of nitric acid. What 
is the action of (i) concentrated as well as {h) dilute nitric add 
OTt Cu ajid Zn m the cold ? Give equations. 

Nitric acid is prepared in the laboratory by heating 
gently a mixture of equal parts by weight of potassium nitrate 
and cone, sulphuric acid, the mixture being taken in a retort. 
The stem of the retort enters into a receiver which is kept cool 
by being floated in a trough of water and placed under a running 
water-tap. Nitric acid, being volatile, distils over and collects 
in tfie cooled receiver. 

KNO3 + H2SO4 “ KHSO4 + HNO9. 

’ Properties : —Nitric acid is a colourless, fuming liquid with 
'peculiar choking smell* It has a specific gravity of 1*5 and boils 
at 86®0. with partial decomposition. It is highly corrosive* 
When it comes in contact with skin, it stains the skin yellow 
and produces painful wounds. It is decomposed by light and so 
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it is preserved in amber-coloured bottles. ’When* heated, it 
decomposes into nitrogen peroxide, oxygeji and water. 

4HNO3 = 2H2O + 4NO3.+ 62. 

It is a very powerful oxidising agent. A piece of glowing 
charcoal burns brilliantly when thrown into concentrated 
nitric acid. ' • 

C + 4HNOs - CO 3 + 4 NO 2 + 2 H 3 O. 

Dry and warm sawdust catches fire and burns when cone, 
nitric acid is poured on it. Sulphur, phosphorus and iodine are 
oxidised respectively into sulphuric, phosphorite and iodic acids 
by hot and cone, nitric acid. 

S + 2 HNO 3 = H 2 SO 1 + 2NO 
P 4 +IOHNO 3 + H20 = 4n3rOi+ 6 NO + 5 NO 2 

la + lOHNOs - 2 HIO 3 +IONO 3 + 4 II 2 O. : 

Ferrous sulphate solution is oxidised to ferric sulphate in 
presence of sulphuric acid by treatment with nitric acid. 

GFeSO^ + 2HNO3 + 3 n 0SO4 ■= aFeaCSOi)^ + 2 NO + 4 H ,> 0 . 

It bleaches indigo solution. Nitric acid readily dissolves all 
metals oxce])t gold, platinum and iridium. 

Cold cone, nitric acid dissolves copper with the formation of 
copper nitrate in solution and evolution of brown fumes of 
nitrogen peroxide. 

Cu + 4 HNO 3 = CuCNO.Os + 2 H 2 O + 2 NO 2 . 

Cold dilute nitric acid dissolves copper with the .formi^ion 
of copper nitrate in solution and evolution of nitric oxide j»s gas, 

3 Cu + 8HNO3 = 3 Gu(NOs )2 4 HoO+ 2 NO.. 

Gold cone, nitric acid dissolves zinc with the formation of 
zinc nitrate in solution and evolution of brown fumes of nitrogen* 
peroxide* 

Zn + 4HNO3 = Zn(N03)a + 2 H 3O + 2NO2. 

Cold and dilute nitric acid dissolves zinc with tbe formation 
of zinc nitrate and ammonium nitrate in solution. In this ca^o 
no gas is evolved, ^ . . 

4Zn + IOHNO 3 - 4 Zn(N 03)2 + SHaO + NH 4 NO 3 . ’ • 

Q, 3. Deduce from Boyles and Charles* la%os the relation' 
PVi T is a constant 
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A given mass of a gas occupies a volume of 1000 c. c, at 
and 760 mm, pressure of Hg* What volume will it occupy at 
027^C* and 1620 mm. pressure of Hg. ? 

Ans. Boyle’s law states that temperature remaining constant 
the volume of a given mass of any gas varies inversely as its 
pressure. 

Mathematically expressed if P be the pressure and V the 
volume of a given mass of any gas, then, 


Foe 


1 

P 


(when the temp, is constant). 


4 

Charles’ law states that pressure remaining constant^ the 
volume of a given mass of any gas increases o?’ diminishes by 
l!273rd part of its volume at O^C* for an increase or decrease in 
temperature of J°C. 

Mathematically expressed, if Fo be the volume at 0”6'., V be 
the volume at t°C. and Fi the volume tx°C, 


then. + = (l+A) 

T7-rr /273 + n „ /273 + /,\ 

l~273 ) ( 273 ') 

Now (273 + 1°) — T° absolute and (273 + /a ®) = ° absolute. 


Hence 


V 

Vi 


273 +1 
273 + ^1 


T 

T/ 


Thus, otherwise stated, Charles’ law is 

Pressure remaining constant, the volume of a given mass of 
any gas varies directly as its temperature on absolute scale. 

P* 7\ when P is constant (Charles’ law) 


and 



when t and hence T is constant (Boyle’s law). 


F« 


T 

P’ 


when both P and T vary (Law of variation). 


T 

JT— , where JT is a constant. 
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By Boyle's and Charles’ laws, we have 

P X Pi X Fi 

T ' Ti ’ 

where P, F and T are one set of corresponding pressure, volume 
and temperature, and Pi, Ft and Tx are another set of 
corresponding pressure, volume and temperature for a given 
mass of any gas. Then, we have 

1000 X 760 Fi X1620 i. t7 • i ui. 

;:^r where Fi is the volume sought, 

273 + 27 273 + 327 . 


Fi = 


1000 X 760 X 600 


300 X1620 


= 1000 c.c. 


Q. 3. Alternative :— 

{a) State Faraday e laios of electrolysis ayid express them m 
the form of an equation, 

(h) A current of 5 amperes is passed through a copper voltameter 
and a silver voltameter connected in series for 82 minutes awl 10 
seconds. Calculate the amount of copper and silver deposited* 
Given electro-chemical equivalent of 0u^0'000326g. and of 
stiver = O'00111 Hg, 

Ans. (a) Faraday's Laws of Electrolysis are two in 
number. 

First Law :— The mass of an ion, liberated during electrolysis, 
is directly proportional to the quantity of electricity which flows 
through the electrolytic cell, 

Tf TF be the mass in gm of an ion liberated by a current c 
amperes flowing for t seconds through an electrolytic cell and 
^ be the quantity of electricity in coulomb, then 1F*« ^ or 
W — Z Q, where is a constant. 

But X i ^hero current in amperes and ^==time in 
seconds. 

W-zycyt, 

Now, if {ije,, c=*l and i~l), then <^ = TF~ma8B of ion 
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liberated by unit quantity of electricity, 1 ampere flowing 
for 1 second. This Z is called the Electro-chemical equivalent 
of thi& liberated ion. 

Second Law ;— When the same quantity of electricity flows 
through s&oeral electrolytes, the relative masses of ions libe^'ated are 
proportional to their chemical equivalents. 

♦ From the second law it follows that the electro-chemical 
equivalent (denoted by E. 0- E,) of an element is directly 
proportional to its chemical equivalent. Thus 

E._C. E, of an element A _ G. E. oi A 
E.' C. E. of an element B C. E. of B 

Therefore, 

E. C. E. of any elem ent C. E. of tho element 
E. C. E. of Hydrogen ” ' C. E. of H 

= C. E. of the element 
(because C. E. of 11 = 1). 

E. C. E. of any element = Its G. E. x E. G. E. 

oi hydrogen. 

From the Ist law, we deduce the relationship W=Z. c.L, 

where TT^mass in grams of an ion liberated ; 

^ = electro-chemical equivalent of the ion ; 
c = strength of the current in amperes ; 
t =time measured in seconds. 

From the 2nd law, we get tho relationship, electro-chemical 
equivalent of an element (or ion). 

= Electro-chemical equivalent of hydrogen x chemical eq ui- 
valent of the element (or ion). 

Hence, by combining these two laws, we get the mathematical 
relationship. 

W=H E xcx t, where 

'TF=mas8 of an element (or ion) in grams liberated ; 

H = electro-chemical equivalent of hydrogen ; 

—chemical equivalent of the element (or ion) ; 
c = strength of the current in amperes ; 

^ = time measured in seconds. 

(6) Amount of copper liberated in the copper voltameter 



1952 ] 


INTERMEDIATE CHEMISTRY 


407 


“0*000326 5 5< 1930{7« since 32 mins. 10 secs. = 1930 secs. 

= 3*13625^. 

Amount of silver deposited in the silver voltameter 
= 0*001118x5x1930-7. 

= 10*7887g. 

Q. 4. Deacrihe the jyTeparation and properties of sulphuric acid. 
What is the aciimi of hot concentrated sulphuric acid on cppj»er, 
carbon, and hydnodic acid ? Give equations. • 

Ans. Sulphuric acid is prepared in the laboratory by the 
oxidation of sulphur dioxide by atmospheric oxygen in presence 
of steam and nitric oxide. 

In this reaction nitric oxide serves as the catalytic agent. 
It acts as the oxygen carrier, that is, it takes up oxygen from 
air forming nitrogen peroxide and gives up this oxygon to 
sulphur dioxide and oxidises it, nitric oxide being regenerated, 

2N0 + 02=2N0a 
S02+N02+Ha0 = HaS 04 +N 0 . 

According to present-day viewpoint, the catalytic agent is. 
not NO but NgOrt or rather nitrous acid, HNO^. 

Preparation of in the laboratory.—A large flask is 



Fig. 90 

taken, fitted with a rubber stopper through which five glass 
tubes pass ; four of these tubes reach near the bottom of the 
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flask, while the fifth is a short tube passing through the centre 
of the cork and serving as exit tube. 

Sulphur dioxide is generated in a flask by gently heating 
Ou-turnings with concentrated sulphuric acid and the exit 
tube is connected by a rubber tube to one of the tubes fitted 
to the large flask. 

Nitric olide is prepared in a Woulfe’s bottle by the action of 
moderately dilute HNO 3 on Ou-turnings and the exit tube of 
this generator pf NO is connected to another tube fitted to the 
rtibber stopper of the large flask. Steam is obtained by boiling 
Vater in a flask and is allowed to pass in the large flask by 
connecting it to yet a third tube fitted to the large flask. Dry 
air is introduced through the fourth tube fitted to the large flask 
by blowing in dry air with the help of foot blowers. 

As gases enter the large flask along with steam, H 2 S 04 is 
formed and collects as an oily liquid at the bottom of the flask. 

The unreacted gases escape through the exit tube. If the 
supply of steam be insufficient, white crystals having the com* 
position S 02 ( 0 H)N 02 are found to be deposited on the walls of 
the flask. These are called chamhei' crystals, and these change 
to sulphuric acid as soon as excess of steam is supplied. 

2S05,(0H)N0. +H,0 = 2H,S04 + ^-^^^a “ • 

or N 2 O 3 

On an industrial scale this method is operated in the chamber 
process. Sulphur dioxide is produced in pyrites burners by 
burning iron pyrites in excess of air therein. 

4 FeS 2 + IIO 2 -= 2 Fe 803 + 8 SO 2 . 

The hot gases from the pyrites burners are next made to 
enter nitre ovens where sodium nitrate is heated with cone, 
sulphuric acid to give rise to nitric acid vapour and oxides of 
nitrogen. Next the gaseous mixture of SO 2 , air, HNOs vapour 
and oxides of nitrogen is made to enter a tower, known as 
Glover’s tower, at the bottom. The tower is packed with flint 
or lumps of quartz. A mixture of (e) weak sulphuric acid from 
lead chambers and (u) nitrated sulphuric acid from the bottom 
of Gay-Iiussac’s tower is pumped up to the top of Glover’s tower 
and is allowed to trickle down the tower. From Glover's tower, 
where the gas-mixture is cooled and partly converted into 
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HsSOa, the gas-mixture is next allowed to enter lead chambers, 
3 or 5 in number, made of sheet lead connected * together by 
fusing the edges by means of oxy-hydrogen flame and kept 
suspended from a frame-work of wood. Cold water spray is 
introduced into these chambers from the roof. The gases 'that 
escape from the last chamber are made to pass up another 
tower, known as Gay-Lussac’s tower, packed with «oke and 
down which cone. H 2 SO 41 placed in a tank above-the tower, 
trickles. This cone. H 2 SO 4 abf^orbs nitrous fumes: Afterwards 
the exhaust-gases are made to pass out by a chimney set at the 
end of the system. 



Fig. 91 

The reactions that occur in the lead chambers can be 
represented as : 

SO 2 + 2 HNO 3 = H 2 SO 4 + 2 NO 2 
S02+N02 + H20 = H 2 S 04 +N 0 
2NO + O2-2NO2. 

Properties of sulphuric acid —It is a colourless, heavy, oily 
liquid of sp, gr. 1 * 8 . It boils at 338®C. 

When sulphuric acid is mixed with water, heat is evolved, 
so much so that steam issues out of the liquid. Hence in dilu¬ 
ting sulphuric acid, the acid should be added, a little at a time, 
to water with constant stirring. Sulphuric acid has a strong 
affinity for water and can abstract elements of water from 
organic substances. Thus, formic acid decomposes by treatment 
with hot H 2 SO 4 , giving 00 ; HCOOH - HaO*=CO. Similarly, 
ethyl alcohol gives ethylene : C 2 H 5 OH 
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Starch, sugar, wood, paf)er, etc., are charred by the acid due 
to the separation of carljjon by ftie removal of water : 

2 H a sOi 1 “ llJBf 2 O I 2 O. 

Cane sugar. 

When strongly heated sulphuric acid decomposes into 
sulphur dioxide, oxygen and water. 

, 2H 2 SD 4 = 2 SO 2 + 2H 2 O + O 2 . 

Hence, hot, strong sulphuric acid sometimes acts as an 
oxidising agent.’ Tt oxidises carbon, sulphur, HBr and HI, 
itself being reduced to SO 2 : S + 2 n 2 S 04 = 3 S 02 + 2 H 2 O. 

2HBr 4-112804 =Br 2 + SO 2 + 2 HijO. It is a dibasic acid and 
forms normal and acid salts. 

Sulphuric acid reacts with most of the metals, except gold 
and platinum. Cold and dilute H 2 SO 4 dissolves readily zinc, 
iron, magnesium, evolving hydrogen and forming suli)hate of 
the metal. Hot and concentrated H 2 SO 4 dissolves copper, 
mercury and lead with evolution of SO 2 and formation of the 
sulphate of the metal. 

. Mg + H2S0i=MgS04+H2 
Cu + 2 H 2 SO 4 = CUBO 4 + 2H 2 O + SO 2 . 

Sulphuric acid can displace nitric acid from nitrates, hydro¬ 
chloric acid from chlorides, phosphoric acid from phosphates, etc. 

^^When copper is heated with cone. HySO^, copper sulphate 
is formed, sulphur dioxide and steam being evolved. 

y / 0u + 2 H,8 O* = CuSO4 + 2H,O + SO2. 

Small quantities of sulphur trioxide are also evolved during 
heating, which make the sulphur dioxide evolved appear foggy 
inside the flask. The residue left in the flask is copper sulphate 
but it is always black due to its partial reduction into copper 
sulphide. 

When carbon in the form of charcoal is heated with concen¬ 
trated sulphuric acid, C is oxidised to carbon dioxide and 
sulphuric acid is reduced to SO 2 . 

C + 2H 2 SO 4 = CO 2 + 2 SO 2 + 2 H 2 O 

Plot and concentrated- H 2 SO 4 oxidises hydriodic acid to 
iodine, itself being reduced to SC 2 , Sand even sometimes to H 2 S. 
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2HI+H,SO*=2H s,0 + 80, + la 

6HI + H aSO* “8 + 3Ia,+ 4 H 2 O 

8 HI + HaSOi = Ha 8 + 4HaO + 4Ia. 

« 

Q. 4. Alternative :— 

Describe the extraction of hopper from copper pyrites giving 
equations* State the properties and uses of copper, , 

Ans. Copper pyrites, OU 2 S, FeaSs., contains generally only 
4 to 5% of copper. So a preliminary concentration of the ore 
is to be carried out for enriching the ore with regard to copper-* 
content. Otherwise the thermal treatment of the ore will jcause 
too much waste of fuel. The usual method employed’ for,con¬ 
centrating the ore is known as oiUfloatation process, /n this 
process the ore is first crushed and finely powdered. The 
powdered ore is next added to water containing a little pine oil, 
xanthate and lime and the mixture is churned by blowing air 
through it. By this operation a froth is produced, .whjch 
carries up along with it the particles of copper ore, those being 
preferentially wetted by oil, leaving sand and other impurities 
at the bottom, since these are preferentially wetted by -water. 
The froth is collected hy skimming and allowed to settle. By 
this means the amount of copper in the ore is raised to 30 —35%. 

The concentrated ore is next roasted in multiple-hearth 
furnace, the hearths being erected one above the other,’ so tha^t 
the ore gradually descends from hearth to hearth. By this 
oneration some of the sulphur in the ore is burnt to sulphur 
dioxide which escapes as gas and the metals, vie* iron present 
in the ore and copper are partially oxidised. 

CuaS. F 02 S 3 + O 2 == CuaS + 2 FeS + SOo 
CuaS.FeaSy + 40 * = CuaS + 2FeO + SSOg 
2Cu«S + 30a == 2 CU 2 O + 2 SO 2 , 

the last reaction occurring only to a very small extent. 

The roasted ore is next mixed with coke, sand (or sl4g from 
subsequent operations) and a little quantity of lime and the 
mixture heated in a water jacketed blast furnace when the little 
quantity of CU 2 O formed in the previous operation reacts with 
the unchanged iron sulphide giving OU 2 S and FeO. 

OuaO + FeS^CuaS + FeO. 

The ferrous oxide so formed and also produced during 
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roasting operation reacts with sand or silica, giving a slag of 
ferrous silicate in the molten condition. 

Fe0 + 8i02 = FeSi03. 

The slag is removed and the residue obtained, consisting of 
i^uprous and ferrous sulphides and known as matter is transferred 
in molten condition directly into a converter of the Bessemer 
type. There it is mixed with a little sand and treated with a 
blast of air blown through air-ports situated a little above the 
bottom level. This arrangement is made in order to prevent 
the copper formed and collected at the bottom of the converter 
from being oxidised by the air-blast. Iron is first oxidised to 
ferrous oxide, FeO, which combines with the silica of sand form¬ 
ing a slag of ferrous silicate as before. The slag is removed and 
the blast contimied, whereby 0 u 2 Sis partially oxidised to CU 2 O. 
When two-thirds of the matte is thus oxidised, CU 2 O formed 
reacts with unchanged CU 2 S giving rise to metallic copper and 
sulphur dioxide. The slag is removed, the blast is stopped and 
the converter tilted to pour off molten copper. This copper, on 
cooling, is found to have a blistered appearance due to escape of 
sulphur dioxide and is known as ^'blister copper*. 

2CU2S + 3O3 = 2CU2O - 1 - 2802 . 

CU 2 S + 2 CU 2 O = 6Cu + SO 2 . 

Blister copper is then refined either (i) by a thermal 
method or (it) by electrolysis, 

(i) The thermal refiniyifj is carried out by melting down the 
blister copper on the bed of a reverberatory furnace provided 
with a silica lining and then blowing in air. Impurities like 
Fe, As, 8, Pb, etc. are oxidised. Some of the oxides escape as 
gases, others form a slag with silica. The slag is removed. The 
molten mass left on the hearth consists of copper with a little 
cuprous oxide, CU 2 O. To reduce the latter, which makes copper 
brittle, anthracite coal, in the form of dust, is sprinkled on the 
surface of the molten mass, which is next stirred with a pole of 
gre’en wood. When the copper reaches the proper tough-pitch, 
it is poured out. 

iii) Electrolytic refining is carried out by taking a bath of 
copper sulphate solution acidified with dilute sulphuric acid 
Arranged in lead-lined wooden vats and then suspending thick 
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sheets of impure copper from a copper>rod which is attached to 
the positive pole of a battery and in between thick sheets, thin 
plates of pure copper also bung from another copper rod con¬ 
nected to the negative pole of the same battery. Thick sheets 
of impure copper thus become the anodes in the bath and thin 
plates become the cathodes. On passing electric current, thick 
sheets gradually dissolve and pure copper is deposited on thin 
plates, while the impurities present in impure copper either 
collect at the bottom of the anodes (known as anode-slimes) or 
remain in solution. ’• 

In this way 99*99% pure copper is obtained. 

Properties of copper :—Copper is a metallic element with a 
peculiar red colour. It is soft, malleable and ductile. It has a 
specific gravity of 8*86. It is very tough. It melts at 1083°C. 
It is a good conductor of heat and electricity. 

Copper is not acted upon by dry air, but when exposed to 
moist air it is covered with a brownish-grey film of. oxide or 
sulphide and after a prolonged exposure a green coating'of basic 
sulphate of copper is formed on the surface. When heated in 
air, particularly at the temperature of the oxy-hydrogen flame, 
it burns giving cupric oxide mainly. Water has no action on 
pure copper at any temperature. Copper dissolves in nitric 
acid of all concentrations forming copper nitrate and evolving 
oxides of nitrogen. 

SCu + SHNOs (moderately— 3Cu(NO ;})2 + 2 NO + 4 H 2 O. 

dilute) 

Cu + 4 HNO 3 - Cu(N 03)2 + 2 NO 3 + 2 H 2 O. 

Dilute HCl has no action on copper and dilute 112804 also 
has no action on the metal in absence of air. Cone. H 2 SO 4 has 
no action on the metal in the cold ; but when heated copper 
dissolves, forming copper sulphate and evolving sulphur dioxide 
as gas. 

Cu + 2 H 2 BO 4 - CUSO 4 + SOa + 2 H 2 O. 

Hot concentrated HCl slowly dissolves finely-divided copper 
in presence of air. When HCl gas is passed over heated metallic 
copper, CugCla (cuprous chloride) is formed and Hydrogen gas 
is evolved. 

Uses of copper :—Copper is used largely in electric industry— 
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in electro-typing, for cables and wires for conveying electric 
current ; in the preparation of household utensils, for coinage 
and for the preparation of important alloys like brass, bronze, 
Germfcn silver, etc. 

Q. 5. What are the allotropic modifications of phosphorus ? 
Describe the preparation, propei'iies and uses of red phosphorus, 
Hoxo can Orthojfhosphoric acid he prepared from red phosphorus ? 

Ans, Phosphorus exists in different allotropic modifications 
•of which the most important are : 

*(1) Ordinary, white, or yellow phosphorus ; and 

(2) Ped phosphorus. Preparation : 

« 

Bed phosphorus is prepared by heating white phosphorus in 
a covered cast iro)i vessel provided with a safety tube, out of 
contact with air, at a temp, of 240° -250° in presence of a trace 
of iodine. The solid so obtained is first ground to powder with 
water and then boiled with caustic soda solution to remove any 
unchanged white phosphorus. It is then finally washed with 
water and dried. 

Properties of red phosphorus - bed phosphorus is a chocolate 
•solid. ‘ It has a specific gravity of 2 * 2 . It has no taste or 
smell and does not glow in the dark. Tt is non-poisonous. It 
melts at 500° — 600°C. when heated under pressure. It is 
insoluble in carbon disulphide and in water. It is a feeble 
conductor of electricity. Red phosphorus is chemically less 
active than ordinary white phosphorus. Heated in air, it 
catches fire at about 240°0. with the production of pho 8 ])horus 
pentoxide. It combines with the halogens and sulphur, but 
less energetically than the white form. It burns in chlorine 
only when heated and unlike the white variety, in contact with 
iodine it does not inflame. When strongly heated out of contact 
with air, red phosphorus is vaporised and the vapour on cooling 
condenses into white phosphorus. It is unacted upon by 
KOH or NaOH solution. 

Uses of Red phosphorus :—Red phosphorus is used in the 
laboratory preparation of HBr and HI, in the manufacture of 
•safety matches and for producing vacuum in electric lamps* 

Bed P is boiled with cone. HNO 3 , diluted with an equal 
volume of water. After phosphorus has completely dissolved. 
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the liquid is taken in a platinum dish and evaporated on a sand 
bath with a little more of cone. HNO 3 to oxidise any phos¬ 
phorous acid, HaPOa, that may be formed, into H 3 PO 4 . The 
residue is evajjorated at 180® to a syrupy consistency and the 
solution is placed in a vacuum desiccator over cone, 
in a dish and the desiccator is placed in a freezing mixture. 
Crystals of pure Orthophosphoric acid are slowly deposited. 

4P + IOHNO 3 + H 3 O = 4H 3 PO 4 + 5]S[0 + 6 NOa. 


SECOND PAPER 

Q. 1. Stata the relationship heiiccen ike atomic weighty 
equivalent loeiqht, and valency of an element, . • 

O'l 755 gram of a bivalent metal and O'1316 gram of a irivalent 
metal when se%)arately placed in dilute hydrochloric acid yielded 
the same volume of hydrogen gas., viz'.. 190 c.g, at and 

720 mm. pressure. Find the equivalent and atomic weights of the. 
metals. 

What are the metals likely to he ? 

Ans. Atomic weight of an element = Its equivalent weight 

X its valency. 

Let V c.e. be the volume of hydrogen evolved at N.T.P. Then, 
by Boyle’s and Charles’ laws, we have 

190x7^0^7x^0^ 

273 + 27 “ *273 

^ 190x720x 273 __ 

whence V -• c.c. = 163 8 c.c._ 

Hence, weight of hydrogen displaced = 163*8 x 0*00009 gram 

= *014742 gram.' 
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Therefore, equivalent weight of the bivalent metal = 

0014742 

Hence, the atomib weight of the bivalent metal = 11*91 x 2 

- 23*82. 


Also, equivalent weight of the trivalent metal = 


01816 

0'014742 


= 8'92 and its atomic weight = 3’92 x 3 = 26'76. 

Bivalent metal is probably magnesium (Atomic weight 
= 24'32) and the trivalent metal is probably aluminium (Atomic 
weight =’26’97). 

Q. 1. Alter native :— 


Explain what is meant by the terms : Normal acid or rtormal 
alkali solution, titratiari, and neutralisation. 

0’3368 grams of a metal when added to 73 c.c. of distilled u ater 
produced 190 c.c. of hydrogen gas at 27‘'C. and 720 mm. pressure 
and the solution became alkaline. 

• Calculate the equivalent weight of the metal and the strength 
of the alkaline solution in terms of noimality. 

Guess what the metal is. 


Ans. Normal acid or normal alkali solution is such a 
solution one litre of which contains one gram-equivalent of 
the acid or one gram-equivalent of the alkali dissolved in it, 
the gram-equivalent of acid being that weight of it which con¬ 
tains 1 gram of replaceable hydrogen and the gram-equivalent 
of alkali being that weight of it which can neutralise 1 gram- 
equivalent of acid. 

Titration is the operation by which the strength of an 
unknown solution is determined by allowing it to react with a 
standard solution. 


By neutralisation we mean the reaction between an acid and 
a base in solution when the two are brought in contact with 
each other with the production of water and salt only. 
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In the light of the ionic theory, neutralisation is the process 
of combination of H"*" - ions of an acid with the (OH)“ - ions of 
an alkali with the formation of undissociated molecules of water^ 

190 c.c. of hydrogen gas at 27**0. and 720 m*in,«pressure^ 
= 163‘8 c.c. at N.T.P. (See answer to Q. 1 given before.) 

t 

Its weight = 163*8 x 0*00009 gram = 0*014742 gram. 


Therefore, equivalent weight of the metal 


0*3368 ’ 

0'014742 “ 


• , 4 

Since 73 c.c. of the solution produced contain. 0*3368, grams 
of the metal, 1000 c.c. of the solution contain 


0-3368x1000 
73“ ~ 


grams of the metal. 


Again, since equivalent weight of the metal is 22‘84, tho 

0*3368x1000, . ^ . 

strength of the solution = x 22*84 202(N). 

Since the solution is alkaline after the evolution of hydrogen, 
the metal is either an alkali metal or an alkaline earth metaL 
The metal is most probably the alkali metal sodium, when tho 
equivalent weight becomes equal to its atomic weight, the 
valency of sodium being one. The atomic weight of sodium 
is 22*997, very near to, 22*84. If it be an alkaline earth metal 
with valency 2, the atomic weight of such a metal would bo 
22*84x2 = 45*68, a value to which no alkaline earth metal 
corresponds. 

Q. 2. Make a diagrammatic sketch of the Kipp’s Apparatus 
that you have yourself used or that you have seen being used in 
a chemical laboratoy. Explain how the device of this apparatus 
enables one to get either a continuous or an intermittent supply of 
hydrogen sulphide gas ? 

k 

Illustrate the usefulness of this gas as an analytical reagents 
How would you determine the composition of the gas ? 

Ans. The device of this apparatus helps us in getting a 
27 
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continuous supply of h*ydrogen sulphide by allowing the acid 

to remain in contact with 
ferrous sulphide placed in the 
middle globe. 

FeS + H2S04=FeS04+H2S. 

When the gas is not re- 

* quired, the stop-cock of the 
-exit-tube fitted to the middle 

globe is closed ; the gas that 
collects in the middle globe 
exerts pressure on the acid 
present therein, and thereby 

• forces the acid out of the cen¬ 
tral globe. The acid rises up the 
stem and goes to the top-most 
globe. Thus the contact be¬ 
tween acid and ferrous sul¬ 
phide is broken and the 
reaction giving H 2 S stops. 
When the gas is required, 
the stop-cock of the exit-tube 
is opened, H 2 S present in the 

^.' 8 - central globe comes out, the 

acid comes down from the top-most globe and again comes in 
contact with the ferrous sulphide in the middle globe, thus 
supplying H«S again by their interaction. 

H 2 S as an analytical reagent :— 

*' Sulphuretted hydrogen is a very valuable chemical reagent 
in the laboratory. It is employed for (l) identifying some 
metals in solution of their salts. ( 2 ) classifying metals into 
groups according to the behaviour of their sulphides towards 
acids, alkalies and water and (3) separating metallic radicals 
from one another in a mixture. 

(1) When flgS is passed through solutions of salts of some 
metals, their sulphides are precipitated- These sulphides are 
of characteristic colour and the colour of the precipitate shows 
which metal we are dealing with. Thus, orange ppt. by passing 
HaS indicates an antimony salt i yellow ppt. indicates either 
cadmium or arsenic or a stannic salt ; white ppt. indicates 3 
zinc salt. 
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(2) Metals can be broadly divided into three groups accord¬ 
ing to the solubilities of their sulphides in water, ammonia 
and acids ;— 

(а) Metals whose sulphides are insoluble in the dilute acids 
and can. therefore, be precipitated from a solution of their salts 
containing dilate acids, e.< 7 ., copper, mercury, lead, arsenic, etc. 

(б) Metals whose sulphides are soluble in dilute acids but 
insoluble in water and in ammonia and can, therefore, be 
precipitated from ammoniacal solution of their salts, iron, 
zinc, manganese, etc. 

(c) Metals whose sulphides are soluble in water (not to 
apeak of alkalies and acids) and cannot, therefore, be precipi¬ 
tated at all by H 2 S, e.g., calcium, potassium, and magnesium. 

(3) Now, if we have a mixture of salts of metals belonging 
to each of the above three groups, we can separate these 
metallic radicals, with the help of H 2 S. Thus a mixture of 
copper sulphate, zinc sulphate and sodium chloride being given, 
the solution is acidified with dil. HOl. heated to boiling, and 
II 2 S passed in when black copper sulphide is precipitated. The 
ppt. is filtered off after complete precipitation, ammonia is added 
to the filtrate till the solution is alkaline and more HgS is 
passed in, when white zinc sulphide is precipitated. The white 
ppt. is filtered off when the precipitation is complete. The filtrate 
contains the sodium salt. Thus the three metallic radicals are 
separated from one another. 

The composition of hydrogen sulphide is established in the 
following ways :— 

A thumb-tube is completely filled with mercury and ii_verted 
over mercury placed in a trough. A few cubic centimetre of 
dry hydrogen sulphide is collected 
in the tube by displacement of 
mercury. The position of the 
mercury level in the tube is care¬ 
fully marked by means of a rubber 
ring. A piece of metallic tin is 
introduced through the bottom of 
the tube, the tube is closed with 
the thumb and by a jerking motion 
given to the tube, the bit of tin is 
taken into the horizontal portion Fig. 93 
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of the tube. The tube is then placed in the mercury in 
the trough and kept fixed to a retort stand by a suitable- 
clamp. The bit of tin is then heated by a burner from 
outside. Tin combines with sulphur of hydrogen sulphide» 
forming 'tin sulphide and liberating hydrogen. When 
the reaction is over, the tube is allowed to cool to the room 
temperature and the position of the mercury level inside the 
tubfr is noted. It is found that the mercury stands at the 
*same level as before. The residual gas is proved to be hydrogen 
by the facts that it burns with a scarcely visible blue flame with 
the j)roduction of water only and is absorbed by heated metallic 
palladium. Hence the volume of hydrogen produced is equal 
to the volume of hydrogen sulphide decomposed, or, in other 
words, hydrogen sulphide contains its own volume of hydrogen. 

Then wo have, 1 volume of hydrogen sulphide contains 
1 volume of hydrogen. Let *‘n” be the number of molecules 
present in 'each volume of gas. Therefore n molecules of 
hydrogen sulphide contain molecules of hydrogen ( Avogadro’s 
hypothesis). Uenco, 1 molecule of hydrogen sulphide contains 
1 molecule or 21 atoms of hydrogen, since hydrogen molecule is 
diatomic (Deduction from Avogadro's hypothesis). Thus the 
formula for hydrogen sulphide is HaS®, where x is an integer. 
Now, the density of hydrogen sulphide is 17 (experimental) and 
so its molecular weight is 2 x 17 = 34 (Deduction from Avogadro’s 
hypothesis). 

Now, of the 34 parts by weight of hydrogen sulphide, 2 parts 
are accounted for by 2 atoms of hydrogen ; the remaining 32 
parts are to bo accounted for by x atoms of sulphur. Now 32 is 
the atomic weight of sulphur and 32 parts can stand for only 
one atom of sulphur. Therefore a; = 1, and the molecular for¬ 
mula for hydrogen sulphide is HaB- 

‘ Q. 2. Alternative :— 

Make a diaijrammatic sketch of a sulphuric acid chamber plant 
or of -a laboratory experiment illustrating the chamber process. 
Indicate on yoih'*’ diagram the iiame, contents and functio7i of 
each part of the plant or apparatus. 

Give the chemical reactions of the process as far as you can. 

Ans. 
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Fig. 94 

|)pp.—pyrites or sulphur burners. 

p =* nitre pots, in which sodium nitrate and cone. 

H 2 SO 4 are heated together. 

Gl = Glover’s tower, packed with flints. 
h =pipe by which nitrated acid from Gay Lussac's 
tower is pumped up to Glover’s tower.. 
c == pipe by which chamber acid is immped up to 
Glover’s tower. 

I, II, III = Lead chambers into which steam is injected 
from above. 

G = Gay Lussac’s tower, filled with coke. 

Functions of Glover*s tower :— 

(1) To cool the hot gaseous mixture from pyrites burners 
and nitre pots. 

(2) To concentrate tho chamber acid. 

( 3 ) To donitrate the nitrated acid from Gay Lussac’s tower. 

(4) To help in producing 112804 from the gaseous mixture, 
8 O 2 , HNOs and water vapour. 

Functions of the chamber : 

(l) To produce H 2 SO 4 from the gas mixture and steam 
injected into it. 

Function of Gay Lussac s tower :— 

( 1 ) To absorb the oxides of nitrogen escaping from the 
chambers in cone. H 2 SO 4 trickling down the chamber. 

Reactions of the chamber :— • 

(1) SO2 + 2HNO3 = H2SO4 + 2NO2. 

(2) S02+N02 + H20“HaS04+N0. 

(3) 2N0 + 02 = 2N02. 
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When the steam falfa short, the following reactions take place : 

(1) SNOa + 2 SO 2 + HaO « NO + 2S02(0H)(N02) 

chamber crystals. 

(2) 2S02{0H)(N0a^ + HgO = 2 H 2 SO 4 + NaOs- 

(3) NaOa^NOa + NO. (4) 2 NO + O 2 •=2N02. 

For diagrammatic sketch of a laboratory experiment illuS' 
trating chamber process for the manufacture of H 2 SO 4 see 
Fig. 90, Q. 4, First Paper, 1952, where chemical reactions of the 
process is also given. The different parts have also been 
labelled. 

Q. 3. Make out a table of the chief physical and chemical 
prop&rties of the elements of the chlorine family and point out the 
striking features about them. 

Ans. Fluorine, chlorine, bromine and iodine, these four 
elements are called the halogens^ which means sea-salt producer. 
This name is applied to these elements because the compounds 
produced by the union of these elements with sodium resemble 
sea-salt (sodium chloride). 


Comparison of the Physical Properties of the Halogens : 


Properties 

Fluorine 

Chlorine 

Bromine 

Iodine 

(1) State of 
aggregation. 

Gas 

Gas 

Liquid 

Solid 

(2) Colour of 
vapour. 

Pale greenish 
yellow. 

Greenish 

yellow. 

Brownish red. 

Violet 

(3) Odour. 

Irritating. 

Irritating and 
pungent. 

More irrita* , 
ting than 
that of chlo¬ 
rine. 

Less marked 
smell than 
that of chlo¬ 
rine or Bro¬ 
mine. 

(4) Heaviness 
or specific 
gravity. 

Slightly hea- 
1 vier than air. 

times hea¬ 
vier than air, 

1 

Sp. gr. 3*19 
(liquid.) 

Sp. gr. 4*9 
(solid). 

(5) Solubility 
in water. 

Decomposes 
water with 
evolution of 
ozonised 

1 oxygen. 

Fairly soluble' 
(chlorine 
water). 

1 

i 

1 

Fairly soluble 
(Bromine) 
water). 

Very slightly 
soluble. 
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Comparison of the Chemical Properties ^the Halogens ; 
Properties Fluorine Chlorine Bromine Iodine 


(1) Reaction Unites rea- Unites readily! Unites with Unites with 
with Ha dily with H, with H, in ! HnOnly whenH^ when hea- 
even in the direct sunlight heated with 'ted in presence 
dark with with explosion the formation of a catalyst 
explosion with with the for- of HBr which with the for- 
the formation|mation of HCl is decompos- |mation of HI 
! of HF which which is less ed by heat and!which is de¬ 
ls stable. stable than Iso by Clj. jcomposed by 
Ha+F.i HF. Ha + Bra jslight heat- 

« 2 HF Hj + Cln ^ 2 HBr ling and also 

s= 2 HCl jby CI 4 and 

Bra. 

H,+Ia?:e2HI 

(2_) Reaction Decomposes Decomposes Slowly decom- No action on 

with water. water with water when p.^ses water water. • ' 

the formation kept exposed when kept 
of HF and to sunlight exposedtosun- 
evolution of with the for- light with the 
ozonised oxy- mation of formation of 
gen. 2Fa+ IICl and evo- HBr and evo- 
2HaO=4HF lutioa of O* lution of O., 

+ Oa 2Cla+2HaO 2Br,+2II„0 

3Fa + 3n..O =4HCH-Oa. =4HBr-l-Oa. 

*= 6 HF-b 6 ,. 

(3) Bleaching Decomposes Readily blea- Bleaches Possesses prac- 

action, organic ches vegc- more slow- tically no 

substances. table colour- ly than jbleaching 

ing matter. chlorine. [properties. 

{4) Chemical Most active. . Less active j Less active Least active. 
activity liberates Cl, than fluorincithan chlorine. Cannot displace 

Br, I from displaces iDisplaccs !f, Cl or Br 

chlorides, Br and I iodine from |from fluorides, 

bromides from bro- iodides. jchlorides and 

and iodides mides and 'bromides, 

respectively, iodides 

respectively. 

(5) Com-^ Gives the Forms several! Two oxides Gives stable 

pounds with oxide F 2 O unstableoxides! known Br.aO oxides lOa,. 

oxygen. by indirect ClaO, ClOa, I and BrjOa. I 40 oandla 0 a. 

combination. ClaO-aliform-! 

'ed indirectly. ! 



424 


C. u. QUESTIONS WITH ANSWERS ON 


[1952 


Properties Fluorine Chlorine Bromine Iodine 


’ (6) Action 
on' starch- 
solulicm, 

<7) Proper¬ 
ties of com¬ 
pounds with 
Barium. . 


Attacks w^terjNo change in Starch solu- jStarch solu- 
of the solu- icolourof starch tion is colour-;tion is colour- 
tion, {solution. yellow. ,ed 

• > I I 

White, crys- {White, crystal-! White, crys- iWhite, crys¬ 
talline line soluble, talline, talline, 

luble,* I soluble. ,soluble. 


(8) PropeS White 
ties of com- soluble, 
pounds with 
silver. 


White insolu- iYellowish Yellow, inso~ 
hie, chemically,white insolu luble, chemi- 
changed by ble, chemically cally changed 

light. changed by {by light, 

light. I 


The striking features of the halogen family of elements are 
( 1 ) their extreme reactivity, ( 2 ) their characteristic colou 
the vapourous state, and (3) the strong acid character of their 
Kydrogen compounds. 

Q. 3. Alternative :— 

Describe the preparation^ properties and uses of any four of 
the followhig :— 

‘Magnesium chloride ; Potash alum ; Calcium carbide I Sodium 
peroxide j Mercurous chlonde ; Zinc oxide ; Plaster of Paris ; 
Iron sulphide. 

Ans. Magnesium chloride hexahydraie, MgClg, 6 H 2 O, is 
prepared by dissolving metallic magnesium, its oxide or 
carbonate in dil. HGl, filtering the solution and concentrating 
it to crystallisation when on cooling crystals of MgCU, 6 H 2 O 
separate out. 

MgCOs + 2 HC 1 “ l\TgCl 2 + CO 2 + H 2 O. 

Anhydrous magnesium chloride is prepared by heating 
magnesium in a current of dry hydrogen chloride or chlorine. 

Properties, —It is a white deliquescent, crystalline substance 
soluble in water. On heating the crystals, at first five molecules 
of water are removed and then it undergoes partial decomposi¬ 
tion into the oxide and hydrogen chloride. 
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MgCla + H 2 O “MgO + 2HC1. 

Uses —MgCU is largely used in dressing cotton goods. 
MgClg mixed with MgO is i^sed as a cement for broken 
porcelain. • . 

Potash aluTfit K 2 S 04 f Al 2 (B 04 )s» 24H«0—Alum is prepared 
from alunite, or alum-stone, K 2 SO 4 , A1 2 ( 804 ) 3 , 4Al(OH)s by 
roasting with fuel, exposing to air, lixiviating with water and 
then crystallising. In the laboratory it can b® prepared by 
mixing a hot solution of aluminium sulphate in water \vith the 
requisite amount of potassium sulphate and then cooling the 
mixed solution, when crystals of alum separate out, 

Properties. —It is a colourless, crystalline substance soluble 
in water. When heated, alum first melts in its water- of 
crystallisation ; on further heating, it undergoes decomposition, 
leaving a white porous mass known as burnt alum. 

Uses —Alum is used in dyeing industry as a mordant, in 
calicoprinting, in medicine and for purifying water. 

Calcium carbide is manufactured by heating a . mixture of^ 
lime and carbon in an electric furnace at about 2000 ® 0 . 
Calcium carbide is formed in the molten condition and is tapped 
out by the tapping hole into a tray where it sets to a slab. 

CaO + 3C = Ca 02 + CO. 

Properties, —It is a hard brittle crystalline solid. It reacts 
with water giving acetylene. CaCg+ 2 HaO = Ca(OU) 2 +O 2 H 2 . 
When heated in a current of nitrogen to about 1100®C, it forms 
calcium cyan amide, CaC 2 + N 2 = CaCN 2 + C. 

Uses —It is used in generating acetylene, in the manufacture 
of calcium cyanamide which is used as a fertiliser and as a 
reducing agent. 

Sodium peroxide^ Na 202 , is prepared by beating sodium 
placed on aluminium trays which are pushed slowly inside in 
an iron tube in the opposite direction to the current of dry 
C 02 -free air admitted, the iron tube being heated to SOO^C. 

2Na + 02 —Na202. 

Properties. —It is a yellowish-white powder. When exposed 
to moist air, it absorbs moisture and carbon dioxide. 2 Na 202 + 
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200a *=2NajjC0^+02* It dissolves in water, forming NaOH 
and Oa. 

2 Na 20 a + 2 H 3 O = 4NaOH + O 2 . 

If the temperature be kept low, hydrogen peroxide is- 
produced. 

NsaOa + 2 H 2 O —2NaOH + H 2 O 2 . 

With dilute acids in the cold, hydrogen peroxide is formed 
and^salls of sodium are produced, 

NaaOa +H2SO4 -Na2S04 + H202. 

Uses, —It is used in the manufacture of hydrogen peroxide, 
for the preparation o[ oxygen and as an oxidising agent in the 
laboratory. 

- Mercurous chloride, also known as calomel, is prepared by 
heating an intimate mixture of mercuric chloride and mercury 
in an almost closed vessel when HgaCU formed sublimes off 
and condenses as a white cake in the upper cooler part of the 
vessel. The-sublimate is collected and repeatedly boiled with 
water and filtered inorder to free it completely from any 
adhering mercuric chloride. It is then dried and sent out to- 
the market. HgOU + Hg = HgaCU. 

Properties of calomel. —It is an amorphous white powder 
without any taste. It is insoluble in water and in dilute acids. 
It sublimes without decomposition when heated. It dissolves 
in aqua regia forming mercuric chloride. When treated with 
ammonia, it turns black due to the formation possibly of a mix¬ 
ture of finely divided mercury and amido-mercuric chloride, 
NHaHgCl. 

Uses of calomel, —Calomel or mercurous chloride is used in 
medicine as a purgative. 

Zinc oxide, ZnO, may bo prepared by heating the hydroxide, 
nitrate or carbonate of the metal strongly is air. 

ZnCOs *= ZnO + CO 2 , 

It is manufactured by burning zinc in air and then condens¬ 
ing the fumes in suitable chambers. 

2Zn + 02 =2ZnO. 

Properties, —Zinc oxide is a white powder which turns 
yellow on heating, but regains its white colour on cooling. It 
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produces a green mass when heated with a snfall amount of 
cobalt nitrate solution. It is insoluble in water but dissolves- 
in acids producing the corresponding salts. It dissolves also in 
alkalies, forming Zincates. 

Uses —Zinc oxide is used as a pigment. It is also used in 
medicine, dentistry, and in preparing Binmnan’s green, a pigment.- 

Plaster of parts, (CaS 04 ) 2 , HoO is prepared by beating 
gypsum, OaSOi, 2 H 2 O, in a kiln or oven t6 a temperature of 
120*—130''C, taking care that gypsum does not come into contact 
with carbonaceous fuel. ? 

2 ( 0 aS 04 , 2H20) = (CaS 04 ) 2 , H.O + SHsO. 

Properties —It is a white powder and combines with water- 
forming a hard mass ; this is known as setting of Plaster of 
Paris, and is due to reconversion into gypsum. 

(CaSO4)aH,O + 3HaO = 2(0aSO4, 2HaO) 

Uses, —Plaster of Paris is used for making moulds in pottery 
works, in surgical bandages, as a cement in ornamental casting, 
and in preparing bust, statues etc. 

f * 

Iron sulphide. Ferrous sulphide, FeS is prepared by heating 
3 parts of iron filing with 2 parts of sulphur. 

Fe + S = FeS. 

Properties, —When pure, it is a yellowish crystalline mass 
with a metallic lustre. The commercial variety is black and 
contains free iron. It is insoluble in water but dissolves readily 
in dilute acids with the evolution of HgS. 

FeS + 2HC1 = FeCla + HgS. 

Uses. —It is used in the laboratory for generating HaS in a 
Kipp’s Apparatus. 

Iron sulphide, Ferric sulphide, FcySa, is obtained by the 
action of H 2 S on pure moist ferric hydroxide in absence of 
oxygen. 

Properties, —It is a black solid, insoluble in water. It 
decomposes, especially in presence of excess of ferric salt, into 
a mixture of FeS and Sulphur. 

'Q. 4. Describe the tests you loould apply to establish the 
identity of the following :— * • 
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{i) A white powder that may he either white lead or zinc white. 

(it) A strip of white metal that may he either silver or tin. 

(in) A colourless ^solution that may contain either stannous 
or stannic chloride. * * 

I 

• A colourless^gCts in a cyhnder that may be either oxygen 

or ozone. * . . 

• * • 

* Axis,' (4 Tha white powder is taken on a charcoal groove 
:and hhatod strongly at first in the oxidising fiamo. If the mass 
liecomes yellow’when hot'and white on cooling, it may be zinc 
white' ^ZnO). • if not, the residue on the charcoal groove is 
heated in the reducing fiame when a metallic bead with a yellow 
inorusteition is obtained. The bead is collected and dissolved 
in nitric acid in * a test tube, the excess of acid removed by 
iboUing and then potassium chromate added to it when a yellow 
precipitate is obtained showing the bead to be of metallic lead. 
That white powder which gives this bead of lead is white load 
And. the other one is therefore zinc white. 

’ (ii) A little of the strip of white metal is treated with 
■Cone.’ HNOh. That metal which dissolves in HNOa is 
silver. Tin is not acted upon by cone. HNOa, but by adding a 
■drop of water to it, vigorous reaction takes place and a 
voluminous white powder of metastannic acid is produced in 
case of metallic tin. Further, to the solution in HNO 3 obtained 
in the first case, if we add dil. HCl, a curdy white precipitate 
is obtained, insoluble in HNO3 but soluble in NH4OH. This 
confirms silver. The other ono is, therefore, tin. 

(i/i) A little of the solution is added to mercuric chloride 
solution ; if a white ppt, be obtained, the solution is of stannous 
chloride, the other one is, therefore, of stannic chloride. More¬ 
over, on passing through the solutions, that one which 

gives a chocolate-brown ppt. is of stannous chloride and the 
other which gives a yellow precipitate is of stannic chloride. 

(iv) The stopper of the cylinder is pushed a little and the 
gas smelt. If fishy odour be perceptible, it is ozone. A little 
K 1 solution is then taken and the gas is passed into it. If 
iodine is liberated, as recognised by the reddish-brown colour 
of the solution, wo are to infer that the gas is ozone. 

• Q, 6 . State what you know about the approximate composition. 



1952] 


INTBBMEDIATB OHEMISTEY 


42» 


properties and uses of the three commercial fohns of iron, namelp 
cast iron, steel and wrought iron. * » 

Describe how cast iron is corwertsd into stsel in' a Bessemer 
converter* • * * 

• * * 

Ans. The nature of the* thrfee forms of commercial li^n 
depends upon the amount of impurities, especially cafrbon, 
present in iron. Thus cast iron containing the highest propor-* 
tion of carbon is the most impure form , of commercial fron f 
it contains also Si, Mn, P, S etc. as impurities. 'Wrought irpur. 
containing the minimum amount of carbon and other impurities- 
to a negligible proportion is taken as the purest form of com¬ 
mercial iron. Steel lies intermediate, both with regard to uarbon 
content and other impurities, between the two other varieties. 

* 

In the following table, the approximate composition ^ with 
reference to carbon content, properties and uses of the three* 
varieties are shown. 

Properties | Cast iron Steel Wrought* iron . 

0'12 to 0 25% 

1500 C. 
Malleable 


vSoft 

Cannot be 
tempered 

Can be weldecT 

t 

Fibrous 

t 

Cannot be 
permanently 
magnetised' 
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Properties - Cast Iron 


Steel Wrought iron 


Uses 


For preparation 
of cast articles 
like ornamental 
railings, cast 
cooking utensils 
etc. Also 
employed for the 
manufacture of 
steel ■aud 
wrought-iron. 


In the manufac¬ 
ture of railway 
lines, locomotives, 
joists, cranes, etc. 
Employed in the 
manufacture of 
implements of 
husbandry and 
war. Also used 
in the production 
of surgical instru¬ 
ments, cutlery, etc, 
Utilised in the 
manufacture of 
jartiiicial magnets, 
watch-springs etc. 


In the manufac¬ 
ture of articles of 
commerce 
produced by 
hammering ; in 
the preparation of 
electromagnets 
piano-wires and 
wire-netting. 


Steel is at present obtained from cast iron at the first stage 
by placing molten cast iron in a Bessemer Converter and then 
by blowing air through the molten mass. Bessemer converter 
is a large pear-shaped vessel made of wrought iron plates 
rivetted together. The vessel is mounted on trunions, so that 
it can be tilted in any position, cither vertical or horizontal, 
with, its hell). An air-chamber is fitted to the base, and through 



Fig. 95 

this air-chamber a powerful blast of air can be admitted, The 
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converter is lined either with siliceous .material (in acid 
Bessemer process) when the cast iron used . in the operation is 
free from phosphorus, or with burnt dolomite or magnesite On 
basic Bessemer process) when phosphorus is present as impurify 
an cast iron to be used in the operation., 

The converter is first tilted into the horizontal position and 
a quantity of molten oast iron directly from the blast furnace 
or from a metal-mixer is run in. The blast of air is then 
started and the converter immediately swung back into a 
vertical position. Within a very short time the whole of the 
impurities is burnt away. The completion of the operation is 
sharply marked by the sudden disappearance of the flame from 
the open mouth of the converter. The blast is stopped at this 
stage in the acid Bessemer process, but in the basic Bessemer 
process the blast is continued for a few minutes even after the 
dropping of the flame and it is stated that during this after¬ 
glow phosphorus is removed. The converter js "then once 
more tilted into a horizontal position and an exact quantity of 
molten Spiegeleisen (a mixture of C, Fe and Mn, containing 
about 20% Mn, shortened as Spiegel) is then added to recarburise 
the steel ; the blast of air is then turned on for a short time 
in order to mix the materials thoroughly. Next the contents 
are poured out into ladles. In case of pbosphatic cast iron 
being used, spiegel is added after pouring the molten charge on 
to ladles* 


1953 

FIRST PAPER 

Q. 1. Define and illustrate: (a) atomic weighty [b) equi¬ 

valent weighL 

O'l grm. of a metalt of which the specific heat is 6'214, 
on solution in hydrochloric acid displaced 124*4 c,c. of dry 
hydrogen at N.T.P. 

Calculate the atomic weight of the metalt and write doton the 
formula for its oxide and chloride. 
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Ans. (a) The atomic weight of an element is a number 
expressing the ];elative weight of an atom of the element 
with respect to the weight of an atom of hydrogen. Thus^ 
when we say that the atomic weight of chlorine is 36’6, wa 
mean that the weight of one atom of chlorine is 36*5 times thp 
weight of an atdhi of hydrogen. 


Thus, 


w^ of atom of chlorine 
wt. of T atom of hydrogen 


35*6. 


Hydrogen was taken as the standard in expressing the 
atomic weights of elements in terms of its atomic weight,, 
because it is the lightest element known. But the hydro¬ 
gen standard of the atomic weights of elements, which waa 
strongly advocated by Proust, waa to be given up on 
account of several complications, and in its place oxygen 
with an atomic weight value 16*00 has been accepted as 
the standard of atomic weights. On that basis, when we 
speak of the atomic weight of chlorine to be 36*46, we mean 


wt. of i atom of chlorine 
wt. of 1 atom of oxygen 


16 = 35*46. 


N.B. There is a slight difference in the atomic weight 
values of different elements on the hydrogen standard and 
on the oxygen standard, since on the basis of 0 = 16, H = 1*008 
and not 1, as it was used in the hydrogen standard of atomic 
weights. 

(h) The equivalent weight of an element is that weight of 
element which combines with or displaces from a compound 
one part by weight of hydrogen or 8 parts by weight of oxygen 
or 35*6 parts by weight of chlorine. It is a mere number, since 
it can be expressed as chemical equivalent 

wt. of the element in certain unit 
~ wt. of hydrogen displaced by or combined with the given wt. 
of the element in the same unit. 

Thus 12 parts by weight of magnesium can displace 1 part by 
weight of hydrogen. Therefore 12 is the equivalent weight of 
magnesium. 

Again 31*76 parts by weight of copper combine with 8 parts 
by weight of oxygen. Hence 31*76 is the equivalent weight 
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of copper. Also 20 parts by weight of calcium combine with 
35’o parts by weight of chlorine. Therefore 20 is the equivalent 
weight of calcium. 


Weight of 124*4 c.c. of hydrogen at N.T.P. 

= 124*4x0*00009 grm. 

= 0*011196 grm. 

Therefore* equivalent weight of the metal 

0^1 _ . 

“6‘6iii96“®^^ ■ ■ ■ 

Since the specific heat of the metal is 0*214, therefore, 
according to Dulong and Petit’s law. 


6'4 


approximate atomic weight of the metal = = 29*90 


29*90 


Hence, the valency of the metal = “ 3 


(nearest whole number) 

Therefore, the exact atomic weight of the metal 
= 8*93x3 = 26*79. 


Since the valency of the metal is 3, its oxide shall liave 
the formula MaOa and its chloride shall have the formula MC1&, 
where M stands for the metal. 


Q. 2. How ccnild you dtatinguish between (a) carbon monoxide 
and carbon dioxide ; (6) hydrogen and methane ; (c) hydrochloric 
and hydrobromic acid {d) nitrous oxide and nitric oxide ? 

Ans. (a) («) Carbon monoxide does not change the colour 

of litmus solution, but carbon dioxide turns litmus solution 
port-wine red. iii) Carbon monoxide does not turn lime-water 
milky, but carbon dioxide, when shaken with lime-water, turns 
the latter milky, {iii) Carbon monoxide, when brought in 
contact with a lighted taper catches fire and burns with a 
lambent blue flame, whereas carbon dioxide under similar 
condition, extinguishes the lighted taper and does not itself 
burn, (iv) Carbon monoxide, when passed into caustic alkali 
solutions, is not absorbed, but carbon dioxide is completely 
absorbed by caustic alkali solutions, (v) When passed over 
heated black copper oxide, carbon monoxide reduces the oxide 

28 
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to red metallic copper, but carbon dioxide cannot reduce the 
oxide to the metal. 

(b) ( 7 ) Both hydrogen and methane burn with a lambent- 
Mue flame when Set fire to in contact with^air, but the product 
obtained in the case of hydrogen does not turn lime-water 
milky, whereas that obtained in the case of methane turns, lime- 
water milky, since carbon dioxide is produced during the burn¬ 
ing of methane along with water, which is the only product in 
easd of bproing of hydrogen. 

in) * When placed in contact with palladium metal foil, 
hydrogen is absorbed as will be seen by the rise of mercury level 
in the gas-jar, if the gas be collected over mercury, but methane 
is dpt at Qill absorbed by metalliQ palladium. 

(iii) When both hydrogen and’ methane are mixed with 
chlorine-gas in the gas-jars in the dark and the mixture is 
■exposed to direct sunlight, explosion occurs in both cases, but in 
the hydrogen gas-jar no soot is deposited whereas in the gas-jar 
which contains methane, carbon separates in the form of soot. 

(c) ( 7 ) In aqueous solution, hydrochloric acid produces a 
curdy-white y)recipitato, when treated with silver nitrate 

' solution, of silver chloride, insoluble in nitric acid, but readily 
soluble in ammonia. Hydrobromic acid, under similar conditions, 
yields a light-yollow precipitate of silver bromide, insoluble in 
nitric acid and diflicultly soluble in ammonia- 

{ii) When treated with chlorine-water in presence of carbon 
disulphide, hiydroe.liloric acid does not show any change, but 
carbon disulpliido layer is coloured brown in case of hydrobromic 
acid, due to separation of bromine which dissolves in CSu 
producing the brown solution. 

, (m) When shaken with chlorine-water and starch, hydro¬ 

chloric acid shows no change in colour, whereas in the case of 
hydrobrorhic acid the solution turns orange-yellow in colour. 

{d) (*) When a glowing chip of wood is introduced into a 
jar of nitrous oxide gas, the glowing chip bursts into flamei but 
when introduced into a jar of nitric oxide the glowing chip is not 
rekindled. 

(u) W’hen exposed to air nitric oxide alone forms brown 



1953j 


INTBBMEDIATE CHEMISTEY , 


435 


fumes with oxygen of air, due to formation of nitrogen peroxide, 
l)ut nitrous oxide does not give any brown fiiraca. 

{i'li) When shaken with a little fearbon disulphide, the 
mixture of nitric oxide and carbon disulphido'vapour burns when 
(ignited with a blue flame, but nitrous oxide does not behave in 
the same way. 

{iv) When shaken ^ith ferrous sulphate solution (colourless) 
nitric oxide turns the colour of the solution brown, due to the 
formation of a loose compound> FeS 04 , NO, .but nitrous oxide 
shows no change in colour; 

» 

Q. 2. Alternative : 

Write short explanaloi‘y notes on :— {a) Atoms and mfileenles ; 
ib) Oxidation and reduction ; (c) Chemical and physical chawfes ; 
^nd {d) Catalytic agent, 

Ans. {a) Atoms : An atom of an clement is the smallest 
particle of that clement which can take part in a • chemical 
change. According to Dalton’s atomic theory, atoms arft 
incapable of further division, and they can neither be created 
nor dest?‘oyed. Usually atoms of elements are found incapable 
of separate existence, but in some cases, as of inert gases of 
argon family, which possess monatomic molecule, atoms of tlioso 
elements are found to exist in the free state. 

Molecules : A molecule of any substance, either elementary 
or compound, is the smallest particle of that substance, which 
can exist in the free state ^irescrving all characteristics of that 
substance. Molecules are made up of one or more atoms of the 
same element (in the case of elementary substances) or two or 
more atoms of different elements (in the case of compounds). 

Thus a molecule of mercury or sodium in the vapourous state 
consists of only one atom of the particular element ; the • mole- 
< 5 ule of hydrogen, oxygen or nitrogen (elementary gaseous 
substances) consists of 2 atoms each of the element concerned ; a. 
molecule of hydrochloric acid and of steam (compound vaporous 
substances) consists of 2 atoms and 3 atoms respectively of 
different elements. A molecule of calcium carbonate (a' solid 
compound) consists of 5 atoms, viz., 1 of calcium, 1 of carbon 
and 3 of oxygen* 

(6) Oxidation is defined as the process which increases tho* 
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proportion of oxygen or of an equivalent electro-negative element 
or radical in an element or a compound, or which decreases the 
proportion of hydrogen or of an electro-positive element or 
radical in a compound. 

• 

Reduction is defined as the result of the opposite operations. 
ThuSi reduction is the process which increases the proportion of 
hydrogen or of an electro-positive element or radical in an 
element or a compound, or which diminishes the proportion of 
oxygen or, of an equivalent electronegative element or radical in 
a compound. 

Thus, wheq magnesium is burnt in oxygen, it combines with* 
oxygen with the formation of its oxide. Hence magnesium is- 
said to be oxidised : —2Mg + 02 = 2MgO. 

When iron is heated in a stream of chlorine gas, it combines 
with chlorine, forming ferric chloride. Iron is said to be 
oxidised, due to combination with an electronegative element' 
chlorine :—2Fe + SClg *= 2 FeGl 3 . 

When cone, hydrochloric acid is heated with manganese 
dioxide, it is oxidised to chlorine by removal of hydrogen :— 

MnOa + 4HC1« MnCla + CU + 2 H 2 O. 

Sinjilarly, the following are the examples of reduction — 

CuO (red-hot)+ H 3 '=Cu + H 20 (removal of oxygen) from CuO. 

H 28 + 12=2111 + 8 (addition of hydrogen to iodine). 

FeGl 3 + H (nascent) = FeCl 2 +HCl (Reduction in the propor¬ 
tion of the electronegative' 
element). 

Among inorganic compounds, oxidation means usually an 
increase in the active valency of the central atom, as for 
example, when ferrous chloride (FeGl 2 ) is oxidised to ferric 
chloride (FeGls), the valency of iron increases from 2 to 3 . 
Similarly in case of oxidation of stannous chloride (SnGl 2 ) to- 
stannic chloride (BnGU), the valency of tin increases from 2 to 4 . 

From ionic standpoint, if we take into consideration thef 
reaction, 

2FeGls + SnGla -SnCU +2FeGl2. 
it can be represented as 

2 Fe+++ + Sn’*’+ « Sn’^'^++ + 2Fe'^+. 
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Here it is evident that stannous ion is oxidised to the 
stannic ion by the loss of two electrons which have passed to 
the two ferric ions, reducing them to the ferrous state- 

Hence, oxidaton may be defined as *a loss of electrons and 
reduction as a gain of elecirons. 

Moreover, it must also be observed that oxidation and 
reduction take place simultaneously in a reaction. Whenever a 
■substance is oxidised, another one is reduced. Thus when 
stannous chloride and mercuric chloride react, a White precipi¬ 
tate of mercurous chloride is obtained and*stannic chloride is 
formed in solution- Here mercuric chleride is reduced to 
mercurous chloride, and at the same time stannous chloride is 
oxidised to stannic chloride, 

2HgCl« + SnCU = HgsCla + SnCli- 

With excess of stannous chloride grey 'metallic mercury 
results as a precipitate from the reduction of mercurous chloride 
stannic chloride being formed in solution simultaneously ;— 

HgaCla + SnCls-21Ig + SnCU. 

(o) A chemical change is one in which the specific properties, 
physical as also chemical, of a substance undergoing such 
•change are altered completely. In a chemical change new 
•substance or substances with entirely different properties are 
obtained from the substance undergoing such changq^ For 
example, sulphur is a substance possessing certain specific 
properties, vie., it is a yellow solid with specific chemical 
properties, but when it burns in oxygen, it forms a new substance 
which is gaseous and colourless and which possesses chemical 
properties entirely different from those of sulphur. Here, 
sulphur has undergone a chemical change. Such changes in 
properties produced are permanent and cannot be easily reversed. 
Moreover, during such chemical change there is marked evolu¬ 
tion of heat. In some cases also absorption of heat takes place. 
In a chemical change molecules of the original substance are 
•changed into new types of molecules of other substance or 
substances. Thus in the example cited, molecules of sulphur 
ure changed into molecules of sulphur dioxide, an entirely new 
substance in respect of sulphur. 

A physical change, on the other hand, alters only the 
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physical properties of a substance. No new substance is- 
produced when any material undergoes such physical change. 
For example, when a platinum wire is held in a Bunsen flame 
it becomes red-hot and begins to emit red light, the material 
remains the same, viz.^ platinum. 

But this change is temporary ; as soon as the wire is 
removed from* the flame the characteristic property of emitting 
red fight i^ lotet and original platinum wire is produced. On the 
other hand, in a physical change there is no marked evolution or 
absorption of heat. But the only 'exception is the absorption 
of latent heat during change of state of aggregation. As for 
example, water, when cooled, yields ice by absorption of the 
latent heat of fusion of ice and water, also when heated to its 
boiling ’point, is converted into water vapour completely by 
absorption of latent heat of steam. But whether in the solid 
state as ice, or in the liquid state as water, or in the vapourous. 
state as sceaih, the molecules remain the same and the chemical 
properties are the same. Also, by altering the external condi¬ 
tions only, viz.f pressure and temperature, the above changes 
undergone by water can be reversed. 

, id) A catalytic agent may be defined as a substance which, 
when present in a comparatively small amount, either increasea 
or diminishes -the rate of a chemical reaction without itself 
undergoing any change in mass and in chemical composition at- 
the end of the reaction. 

Thus manganese dioxide, added in small amount to potassium 
chlorate, enhances the rate of decomposition of potassium 
chloaate on heating, but at the end of the reaction it is got back 
in the same amount with the same composition. 

Q. 3. Describe, giving equations, the preparation of hydrogen 
peroxide* State its uses. What is the action of hydrogen peroxide 
on (d) lead sulphide ; (i) acidified potassium iodide ; (c) silver 
oxide * (d) acidulated potassium permanganate ? Write equations* 

.Ans; Finely powdered commercial barium peroxide is made 
into a paste witli water and this paste is gradually added to 
dilute sulphuric acid taken in a beaker i)laced in crushed ice 
in a trough for cooling its contents. The mixture is stirred 
with a glass rod and the addition of the paste of barium, 
peroxide is continued until the solution is just faintly acidic* 
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Barinm peroxide reacts with sulphuric acid, forming hydrogen 
peroxide in solution and a white precipitate of barium sulphate. 
l?he precipitated barium sulphate is allowed to settle and then 
filtered off. The filtrate is an aqueous solution of hydrogen 
peroxide. 

Ba 02 + H 2 SO 4 BaSO* + H 2 O 2 . 

N. B. (i) Anhydrous barium peroxide -is ftot a^ted upoll 
readily by sulphuric acid on account of a coating of‘insoluble 
barium sulphate being formed on it. 

(ifO The reaction is to be carried out in such a way that 
the reaction mixture is left a bit acidic, because a trace of acid 
stabilises hydrogen peroxide. 

UsesofH^O^^ —(1) Hydrogen peroxide is used for resto¬ 
ring the colour of old oil-paintings. The colour of old oibpaiiit- 
ings become black due to the change of white'lead,used in> 
painting into black lead sulphide by atmospheric sulphuretted 
hydrogen. Washing with H 2 O 2 changes the black PbiS into 
white PbSO^. (2) It is used for bleaching delicate materials 
like wool, silk, feather, ivory, etc. (3) Mixed with ’a little 
nitric acid, it is used as an auricome for colouring hair golden- 
yellow. (4) It is employed as an antiseptic wash in surgery 
in dressing spurratic wounds. It is also used largely as a gargle 
and mouth-wash, (6) Oftentimes it is used a.s an aniichlcr 
for removing excess of chlorine from fabrics bleached with that 
material:—H202 + Cl 2 = 2H0l + 02. (6) In the laboratory 
it is u^ as an oxidising agent. 

Hydrogen peroxide reacts with lead sulphide, producing 
lead sulphate by oxidation of PbS, itself being reduced to water. 

PbS + 4H203*PbS04+4H20. 

(h) Hydrogen peroxide reacts with acidified po’tassiuip 
iodide, liberating iodine by oxidation and is itself reduced to 
water. 

2 K1 + H202 + 2HC1«2KC1 + I2 + 2H20. . 

(c) Hydrogon peroxide reacts with silver oxide proVlucinjg 
metallic silver by reduction ; oxygen is evolved, as gas and water 
is formed during such reaction, 

Ag20 d* H 2^2“ 2Ag d* H 2 O d" 02* 
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{d) Hydrogen peroxide reacts with acidulated potassium 
permanganate with mutual reduction. The pink colour of 
permanganate is discharged, due to the formation of a manga¬ 
nous salt and brisk evolution of oxygen takes place. 

2KMnO 4 + 3H 2 SO 4 + 6 H 2 O 2 = K 2 SO 4 + 2 MnS 04 + 8 H 2 O + 6 O 2 . 
Q* 3. Alternative : 


How is sulphuretted hydrogen prepared in the laboratory ? 
Give a sketch of the apparatus used. 

How would you prove that hydrogen sulphide contains its own 
volume of hydrogen ? 

Ans. Sulphuretted hydrogen is most conveniently prepared 
in the laboratory by the action of cold, dil. HCl or H 2 SO 4 upon 
ferrous sulphide. For small quantities, a Woulfe’s bottle is 


used and for comparatively 
is employed. 

The ferrous sulphide, FeS, 
into the central globe of the 



large quantities, Kipp s apparatus 

in broken fragments, is introduced 
Kipp’s apparatus. The stop-cock 
is opened and dil« H 2 SO 4 is 
poured down the safety funnel 
at the top till the liquid fills 
the lowest globe and then rises 
into the central globe. Here 
the acid comes in contact 
with FeS : sulphuretted hydro¬ 
gen is produced and escapes 
through the stop-cock. The gas 
is collected by upward displace¬ 
ment of air. 

FeS + H 2 SO 4 =» FeSO* + HaS. 

When the gas is not requi¬ 
red, the stop-cock is closed ; 
the gas collects in the central 
globe, and the pressure of 
the gas forces the acid out of 
the central globe. The acid 
rises up the stem and goes to 
the topmost globe. Thus fur¬ 
ther reaction stops. When the 
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^as is required, the stop-cock is opend, HaS escapes, the acid 
<3ome8 down from the topmost globe and so the contact between 
FeS and H 2 SO 4 is brought about. Hence fresh quantities of 
HaS are evolved. 

That sulphuretted hydrogen contains its own volume of 
liydrogen can be proved in the following way :— 

A thumb-tube is completely filled with mercury and inverted 
over mercury in a trough. A fewc.c. of dry sulphuretted hydro¬ 
gen is collected in the tube by dis¬ 
placement of mercury. The volume 
is carefully marked by means of 
•a rubber ring after adjusting 
the mercury level to the same 
position inside and outside the tube, 

A piece of metallic tin is introduced 
into the horizontal part of the tube, 
and it is heated by a burner from 
outside. Tin combines with sulphur 
•of sulphuretted hydrogen forming tin 
sulphide and liberating hydrogen. After allowing the tube to 
cool to the ordinary temperature, the mercury level i-s adjusted 
•and found to stand at the same level as before. The residual 
gas is proved to be hydrogen by the facts that it burns with a 
-scarcely visible blue flame with the production of water only and 
is absorbed by metallic palladium. Hence, the volume of 
hydrogen liberated is equal to the volume of suli)huretted 
hydrogen decomposed, or sulphuretted hydrogen contains its 
own volume of hydrogen. 

Q. 4. Give an account of the manufacture of sodium carbonate 
■by the ammonia-soda process^ and explain the reactions iohtch 
ocmr. 

Hoio is sodium carbonate converted into caustic soda ? 
•Give the chief uses of the latter both in the laboratory and on a 
large scale. 

Ana. The modern method for the manufacture of sodium 
•carbonate from common salt is the ammonia-soda process or 
Solvay process. This is based on the reaction between sodium 
chloride solution and ammonium bicarbonate solution, produced 



Fig. 97 



442 C. U. QUESTIONS WITH ANSWERS ON [1965 

by saturating ammoniateibrine with carbon dioxide, with the- 
precipitation of sodium bicarbonate :— 

NHs + H 2 O -4- CO 2 = NH4HC03 
NaCl + NH 4 HCOS = NaHCOs + NH 4CI. 

The precipitated sodium bicarbonate is filtered and then* 
heated to yield sodium carbonate :— 

2NaH003 =■ Na2G03 + H 2 O + CO 2 . 

The working of the process will be clear by referring to the 
adjoining diagram, which gives a sketch of the plant used in the- 
operation of the process. 

The working of the process is as follows :— 

(a) A strong solution of sodium chloride (brine) is obtained 
directly from salt-beds by pumping in water into the salt-bed& 
and then pumping out the brine so produced into a brine 
reservoir (shown on the top left). Brine from that reservoir is 
next admitted into the saturating tank, which is an upright 
cylinder,' Here the brine is saturated with ammonia. The saltS' 
of calcium and magnesium contained in the brine are preci¬ 
pitated by carbon dioxide, coining along with ammonia from the 
ammonia recovery plant;— 

2NH 3 + CO 2 + H 2 O = (NH 4)2003 
CaCl 2 + (NH 4)200 3 = 2 NH 4 CI + OaCOs 
MgOl 2 + (NH 4 ) 2 OO 3 = 2N H 4 OI -b MgOOa. 

The brine, when fully saturated with ammonia, is run into a 
settling tank, where the precipitated calcium and magnesium 
carbonates settle down. 

(b) Ammoniated brine is then pumped up from the settling 
tank to the top of the carbonating tower, provided with perforated 
horizontal partitions and cooling coils and is made to trickle* 
down the tower. Oarbon dioxide gas is admitted at the bottom 
of the tower, so that carbonation is carried out on the principle 
of counter currents. Oarbon dioxide rises in small bubbles 
through the perforations. The ammonium bicarbonate formed 
by the interaction of carbon dioxide, ammonia and water, reacts 
with sodium chloride solution, precipitating sodium bicarbo¬ 
nate :— 


NH3 + H 2O + OO2 = NH4HOO3 
NaOl + NH4HOO3 - NallOO., + NH4OI. 
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uate is drawn ofif at the base of tower and filtered at the rotary 
vacuum filter. The crystals of sodium bicarbonate are deposited 
as a layer on the outside of the filter and are collected by scrap* 
ing with a knife-blade/ The mother liquor containing ammonium 
chloride and some ammonium bicarbonate is pumped to the top 
of the ammonia-recovery tower! 

The sodium bicarbonate is next calcined in a covered pan or 
a rotary furnace fired on the outside. Sodium carbonate is formed 
and carbon dioxide and steam escape as gas •— 

QNaHCOg “NaaOOs +CO 2 + H 2 O. 

The carbon dioxide evolved here is utilised in the carbonating 
tower together with the gas from the lime-kiln. 

(c) In lime-kiln limestone is heated strongly to give carbon 
dioxide and calcium oxide (quicklime) :— 

CaCOs = CaO + CO 2 . 

The‘carbon dioxide is led to the carbonating tower, while the 
quicklime is slaked with a large quantity of water and pumped 
on to the ammonia recovery plant in the form of milk of lime. 

(d) In the ammonia-recovery tower, which consists of an 
upper and a lower part, the mother liquor is fed into the top of 
the upper part and at the top of the lower part milk of lime is 
admitted. A current of steam is next admitted at the base of the 
tower. Ammonium bicarbonate is decomposed by steam, and 
ammonium chloride is decomposed by lime :— 

NH4HCO3 = NHa + H 2O + COs 
2NH4CI + 0a(0H)2 = 2NH3 + CaCla + 2H2O. 

The mixture of ammonia with the small amount of carbon 
dioxide passes on to the saturating tank. 

Thus the process is self-sufficient, but certain amount 
(about 2%) of ammonia is lost during working and is to be 
replaced. 

Conversion of sodium carbonate into caustic soda :—Sodium 
carbonate in water solution is run into causticisers^ i.e., iron 
tanks provided with mechanical agitators and fitted with a pipe 
for admission of steam. Quicklime placed in an iron cage is 
Icept dipping into the top of the solution, the stirrer is worked 
and steam is passed in. Sodium carbonate then reacts with 
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calcium hydroxide formed from OaO and practically comple¬ 
tely converted into caustic soda. 

Na 2 C 03 + Ca(OH )2 * 2NaOH + OaOOa (pptd’) 

The precipitated calcium carbonate is filtered ofi and caustic 
soda solution so obtained is evaporated in iron pans to get solid 
caustic soda. 

In the laboratory caustic soda is employed both in quali¬ 
tative and in quantitative analysis. . In qualitative analysis^ 
separation of iron from aluminium is carried out with its help* 
and in quantitative analysis, it is used as a strong alkali in acidi- 
metry and alkalimetry. 

Q. 4. Alternative : 

How is bromine obtained commercially ? In tohat form 
does it commonly occur in nature ? Compare three physical 
properties of chlorine and bromhie, and outline two sets of 
experiments you would perform to compare the chemical properties 
of these two elements, 

Ans. In American practice bromine is at present obtained' 
commercially from sea-water. Sea-water is drawn at a point- 
near the chemical works and allowed to settle in an artificially 
prepared tank. After removal of the suspended matter, sea^ 
water is first acidified and then chlorinated. Bromine is 
liberated and renders the water slightly yellow in colour. The- '* 
liberated bromine is blown out with a current of air and, is 
absorbed in Na2C0» solution. The solution is afterwards 
treated with excess of an acid, and bromine which is set free is 
distilled off in steam. 

SBra + SNagCOs = 6NaBr + NaBrOs + SCOa 

NaBrOa + SNaBr + SHaSO* = SBr* + 3 Na 2 S 04 + SHaO. 

It is purified by first distilling it with potassium bromide 
(for removing chlorine) and then distilling the product with cone.. 
HaSOj. (for removing water). 

Bromine occurs in nature as magnesium bromide, both in 
carnallite KCl, MgClg, CHgO, found at Stassfurt in Germany, in 
which bromooarnallite, KBr, MgBra, GHaO, occurs as an impurity 
as also in sea-water. It is also met with as bromides of 
sodium, potassium and calcium, in mineral water and in certain 
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salt deposits. Silver bromide, AgBr, is also sometimes found in 
nature. 

Comparison of three physical properties of chlorine and 
brojfnine :— 

Chlorine Bromine 

1. Chlorine is a gas. 1. Bromine is a liquid. 

'2. Its colour is greenish- 2. Its colour is dark-red. 

yellow. 

3. Specific gravity of liquid j 3. Specific gravity of bro- 
chlorine is 1‘55. mine is 3*19* 


ExpU 1. Chlorine taken in a gas-jar is mixed with 
hydrogen in the dark and the mixture exposed to direct 
'Sun-light, when explosion occurs with the formation of 
hydrogen chloride. 

H2 + Cl3=2nCl. 

Bromine vapour is similarly mixed with hydrogen in 
a gas-jar ih the dark and the mixture exposed to direct 
sundight. No explosion occurs and no combination be¬ 
tween bromine and hydrogen taken place under this 
condition. 

This shows that the afiQnity of bromine for hydrogen is 
less than that of chlorine. 

Exvt, 2. Starch solution is taken in the beaker and to 
that a solution of chlorine in water is added. No change 
in colour takes jdace. But when a solution of bromine in 
"water is added to starch solution taken in a beaker, strach 
solution is coloured yellow. 

Thus chlorine has no action on starch solution, but bromine 
produces a yellow colouration with it. 

Q. 5. Give an account of the manufacture and purification 
of coal gas, and mention the nature aiid importance of any two 
by-products obtained in the process. 

Ans. Bituminous or soft coal is heated in D-shaped fire-clay 
retorts in furnaces which are fired with producer gas to a 
temperature of 1Q00*’C. The volatile products given off pass up 
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the exit pipes called ascensiort pipes, fitted over the retorts. These 


Washet* 



pipes at the other end are in communication with the hydraulic 
main where the gas is partially cooled and some tar and water 
-condense. From the hydraulic main the hot gases pass into 
a series of iron pipes, called condensers. Here the gases are 
cooled, and more tar is condensed and run into iar-well. The 
liquid in the tar-well separates into two layers—the upper 
layer is mainly a solution of ammonia and ammonium salts in 
water and is called gas-liquor or ammoniacal liquor ; the lower 
layer is called gas-tar or coal-tar. Next the gases are drawn out 
of the condensers by means of pumps and are forced up a tower 
filled with coke—called scrubber —down which cold water trickles. 
All traces of ammonia are removed in this way. The gases are 
next passed throuc|h a purifier which is an iron tank containing 
rslaked lime, Oa(OH) 2 , in which CO 2 , JtJsB and other sulphur 
com poll?) ds are absorbed. 

Ca(OH)2 +CO 2 =CaC03 +H 2 O 

Ca(OH).^ + 2 H 2 S - CadlSls d- 2 H 2 O. 

A further purification is effected by passing the gases through 
another purifier containing hydrated oxide of iron which takes 
up the last traces of H 2 S and cyanogen :— 

2Fe (OH).,+ 3H2S = FoaS8+ 61120.. 

Thus purified coal gas is stored over water in big gas- 
iiolders. 

There are several by-products of coal-gas industry. One of 
•these is ammoniacal liquor, which contains ammonia and ammo- 
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nium salts dissolved in * water. It is utilised to get liquor 
Ammonia'of commerce as also Ammonium sulphate which is used 
as a fertiliser.- Another by-product to be mentioned is gas- 
c^bon. ^ It is obtained as a dense deposit in the upper cooler 
part of the retort. It is sublimed carbon. It is employed ins 
the electric cells and also as carbon-pencils in arc’lamps. 

SEOOND PAPER 

^ a"’ 

*X. Explain the terms : (a) 7o», ih) Electro^chemical 

equivalent, (c) F^araday. 

w Two cells, one containing copper sulphate and the other silver 
nitrate were placed in the same electric circuit. It was found that 
O'106 gm. of copp&r was deposited in the same time as O'359 7 gm. of 
^silvef. Calctelate the equivalent of silver and also Jind out the 
amount of silver which toill be deposited when a current of TOo 
amperes is passed through the solution of silver nitrate for 20 
minutes. . 

- * Given chemical equivalent of copper — 3T8. 

‘Ans. (a) Anion is an electrically charged atom of an 
•element or a compound radical, usually formed during the 
reversible electrolytic dissociation of an acid, base or salt in 
aqueous solution or in the fused state. The metallic part present 
in a salt or .hydrogen present in an acid gives rise to a positively- 
charged ion under the circumstances mentioned and is known 
as and the acidic part gives rise to a negatively-charged 

ion, and is called anion. Thus, when NaCl is put into aqueous 
solution, both cation Na"^ and anion Cl" are produced therein. 
Even in fused state such ions are formed from NaCl. Both 
cation and anion are produced in equal amounts and so the 
solution remains electrically neutral. The term ‘ion’ means 
electricity-carrier and during electrolysis, cation travels with the 
electric current and is deposited at the cathode and anion travels- 
in opposite direction and is deposited at the anode. Another 
example is aqueous solution of sulphuric acid, which contains. 
H’*'-ion (cation) and SOI (anion). 

{h) The mass in grams of an element which is liberated by 
the passage of unit quantity of electricity, viz., 1 coulomb {u c., 
1 ampere of current flowing for 1 second through the solution 
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containing the element in combination), is called the Electro¬ 
chemical Equivalent of the element. 

Thus, by passing 1 ampere of electric’ current for ’ 1 second 
through a dilute solution of sulphuric aMd, 0'000Dl04 gm. of 
hydrogen is liberated at the cathode. Hence the electro-chdmieal 
equivalent of hydrogen is 0*0000104 gm. 

(c) Faraday is an unit in measuring the quantity of electri¬ 
city. It is that quantity of electricity which can liberate during 
electrolysis one gram-equivalent of any element or radical. It is 
equal to about 96,500 coulombs of electricity, wherq 1 cpui^mb • 
indicates the quantity of electricity obtainable when 1 aihpere of 
current flows for 1 second. ^ ■ 


From Faraday*s second law of electrolysis^- we hctve. 
Mass of coiner liberate _chemical equivalent' of copper 
Mass of silver Liberated chemical equivalent of silver* 


0*106^ 3i;8. 

ence, Chemical equivalent of silver 

Therefore, chemical equivalent of sifter 


107*91. 


_ 31*8 X 0*3697 
0*106 

# 

Also, the amount of silver deposited under the given condi¬ 
tions == 0*001118 X i*06 X 20 X 60 gm. 


(where 0*001118 is the electro-chemical equivalent of silver) 
= 1*40868 gm. • * 


Q. 1. Alternative : 


Explain the following terms :— nortyial, acid^ and basic salts. 
Give examples of each. 

I’OS gm. of ammonium chloride was boiled with 62 c. c. 

N 'N 

of 2 till free from ammonia^ M c. c. of ^ HCl were 

» 

required for neutralising the excess of alkali in the mixture. 
Calculate the percentage of ammonia in the salt. 

(Na^2F0, 0^16'0, N^ld'O). 

Ans. A salt is a compound produced by the partial or com¬ 
plete replacement of the replaceable hydrogen atom or atoms 

29 
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present in the mo^cule of an aoid by a metal or a group of 
elements behaving like a metal. Thus, NaCl is a salt of hydro¬ 
chloric acid, HGl, in which the metal Na has replaced the 
replaceable hydrogen atom of hydrochloric acid. 

Salts have been das'sified as normal salts, acid salts and 
basic salts. 

• 

A. salt, produced by the replacement of all the replaceable 
hydrogen atoms of an aoid by a metal or a group of elements 
behaving like a metal (e.r,., is called a normal salt. Thus, 

NaOl, (NH 4 ) 2 S 04 , NasPO^ are normal salts of HCl, H 2 SO 4 , and 
H3PO4 respectively. 

A. salt, produced by the partial replacement of the replace¬ 
able hydrogen atoms of a dibasic or tribasic (or generally 
palyb’asic) acid by a metal or a group of elements behaving like 
a metal, is called an acid salt ., Thus, KHSO 4 , NaHCOa, 
^TaH 2 P 04 , are acid salts of H 2 SO 4 , H 2 CO 3 and HsPO* 
respectively] 

A basic salt is one formed by the partial replacement of the 
replaceable hydroxyl groups of a di-acid or tri-acid (or generally 
poly-acid) base, by the acid group of an acid. Thus, 
Pb( 0 H)N 03 is basic lead nitrate. 

It is also defined as the salt produced by the union of a 
larger proportion of a base than is necessary for the normal salt. 
For example, basic lead carbonate SPbCOa, Pb( 0 n )2 (white 
lead) is a basic salt. 

N 

62 c.c. of 2 NaOH solution = 62 x ^ c.c. of (N)NaOH sol. 

s 31 c.c. of (N)NaOH sol. 

* N 

44 c.c. of ^ HOI solution =44 x J c.c. of (N)HCl sol. 

= 11 c.c. of (N)HClsol. 

= 11 c.c. of (N)NaOH sol. 

Therefore, 11 c.c. of (N)NaOn solution was left over from 
31 c.c. of (N)NaOH solution added after driving off all the 
ammonia., 

• Hence, for removing all the ammonia from the ammonium 
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chloride supplied, the amount Qf (N) NaOH 8 ol.^required = (Si¬ 
ll) c.c. ” 20 c.c, » •• 

Now, from the equation, 

NH 4 CI + NaOH = NaOl + H aO* + N9 3 
40 17 • 

We know that 40 grams of caustic soda displace 17 grams of 
ammonia. But 40 grama of NaOH are present in 1000 c.c. of 
(N) NaOH solution. 

Therefore, 1000 c.c. (N) NaOH sol. = 17 gm. of NH 3 

Hence, 1 c.c. ,, ‘ =0*017 gbi. „ •, 

Therefore, 20 c.c. „ * = 0*017 x 20 gm. 

= 0*34 gm. 

Thus, 1'08 Rm. of ammonium chloride supplied oorttains 
0’34 gm. of Nils. 

in ammonium chloride 
= 31*48%. 

Q. 2. Give a brief account of the periodic classification of 
elements* Show that the chemical properties of magnesium and 
zinc justify their position in the same group of the periodic table. 

Aus. In 1869 the Russian Chemist Mendebelf and in 1870 
the German Chemist Lothar Meyer, discovered, quite indepen¬ 
dently of each other, that by arranging the elements in the order 
of their increasing atomic weighbs, their properties were found 
to vary from member to member in a definite manner, but these 
were found to return more or loss to the same value at fixed 
points in the series. 

Mendeleff arranged the elements in a table in the order of 
their increasing atomic weights in a horizontal series, making it 
a point that elements having similar properties were placed in 
the same vertical column. In making thlit arrangment 
Mendeleff had to leave many blank spaces in the table and 
at least in two cases he had to break the atomic weight 
sequence. He called the horizontal rows Periods and the 


.*. 1 gm. 

0*34 

contains gm. of NH 3 . 


Therefore, ammonia present 

0*34 
T08 


supplied 


X loo”'*' 


/O 
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vertical columns %Groups, He again subdivided each group 
into two sub-grou'^S, A and B. 

Original arrangement "of Mendeleff has now undergone many 
changes due to discovery of new elements since then. The 
I^riodic Table as it stands now consists of nine vertical columna 
or groups, headed by the Eoman numbers from 0 to VIII. The 
periods are called short or long according to the number of 
elements contained in them. The’first period consists of two 
elements, Hydrogen and Helium. The second period contains 
8 elements, starting from Lithium and ending in Neon. This 
is known as first short periods The third period contains also 8 
elements starting from Sodium and ending in Argon. This is 
called second short period. The next period consists of 18 
elements, starting from Potassium and ending in Krypton. It is 
known as the jirst long period. Similarly we have also a second 
long period, containing 18 elements also, starting from Rubidium 
and ending in Xenon. Next period is a very long period, con¬ 
taining 32 elements in which all the fifteen rare-earth elements 
are included, and it starts from Caesium and ends in Radon. 
Then comes a fragmentary period containing only six radio¬ 
active elements. 

m 

Now according to Groups, zero group comprises all the inert 
gases of the atmosphere. Sub-group A of Group I contains 
the alkali metals and sub-group B of Group I consists of the 
coinage metals : Copper, silver, gold. Elements of the same 
sub-group are chemically similar. 

This periodic arrangement of elements has helped enormously 
in systematising the study of Inorganic chemistry. It has 
rendered the study of nearly 90 diverse elements into a study 
of only 9 vertical columns. It has also helped in the correction 
of doubtful atomic weights. This arrangement has also given 
impetus to research. 

There are certain similarities in chemical properties of 
magnesium and zinc. These are :— 

(1) Both these elements burn in oxygen, forming their 
respective oxides* 

(2) Heated magnesium decomposes steam:—Mg + H20 — 
MgO-hHo. 

Zinc decomposes boiling water : Zn 4- HaO = ZnO + H a. 
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(3) The Salts of magnesium and zinc ar^ crystalline and 
hydrated : e.g., MgOla, 6HaO, ZnClg, U-jO 

MgSOi, THaO, ZnSO*? THaO 

Mg(N08)2, 6 H 2 O, Zn(iq08)a, 6 H 2 O. 

The chlorides decompose, due to hydrolysis, on heating. TBe 
sulphates are isomorphous and soluble in water. 

( 4 ') Valency of both magnesium and zinc is 2 in all their 
compounds, thus justifying their inclusion in Group II of the 
Periodic Classification. 

But, it must be remembered that magnesium is a typical 
element of Group II, whereas zinc belongs to sub-group B of 
Group II. 

« 

Q. 3. Hoto would you establish the volumeitric' composition 
of ammonia ? Explain with equations the ackon of ammonia 
gas on (/i) heated sodium^ (f>) red-hot black copper oxide^ (c) oxygen 
when mixed and ignited. In tv hat respects ammonia resembles 
phosphine ? 

Ans. The volumetric composition of ammonia can be deter¬ 
mined by Berthollet’s Eiidiometric method. A known voluipe 
(say 10 o.c.) of pnre and dry Ammonia gas is collected in a 
graduated eudiometer tube over mercury, the reading of the 
volume being taken after adjusting the mercury level to the 
same height inside and outside the tube. There are two 
Pt-wiros sealed near the closed end of the tube and with their 
help a series of electric sparks are passed, by connecting them 
to the terminals of an induction coil, through the ammonigi’ gas, 
when Ammonia is decomposed into Nitrogen and Hydrogen and 
the volume of the gas goes on increasing. The sparking is 
stopped when no further increase in volume is observed. 
Mercury level is again adjusted and the volume of the mixture 
of N 3 and Ha is read off. It is found to be 20 c.c. Next an 
excess of oxygen is added, the mercury level is adjusted and the 
volume of the mixture with oxygen is noted. The mixture is 
then exploded by passing a single electric spark through the 
mixture from an induction coil. Hydrogen and Oxygen combine 
to form steam which condenses into liquid water. The 
apparatus is cooled* the mercury level is again adjusted .and 
the reading of the volume noted. 
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The following are the readings obtained :— 

Vol. of Ammonia taken = 10 c.c. 

Yol.'of N 2 + H 2 after sparking = 20 c.c. 

Vol. after addition of oxygen = 30 c.c. 

Vol. of the residual gas (N 2 +excess of O 2 ) 

after explosion = 7*5 c.c. 

. Contraction after explosion = (30 ~ 7*5) c.c. = 22*6 c.c. 

This contraction is due to the formation of water ; two-thirds 
of ikhe contraction is equal to the volume of Hydrogen present, 
since two volumes of Hydrogen combine with one volume of 
Oxygen to form water which occupies zero volume. Hence 
volume of Hydrogen = 1X 22'5 or 15 c.c, and vol. of Nitrogen 
= (20 — 15) or 5 c.c. Thus, 10 0 . 0 . of Ammonia yield on decom¬ 
position 16 c.c. of Hydrogen and 5 c.c. of Nitrogen. 

That is to say, 1 vol. of Nitrogen combines with 3 vol. of 
Hydrogen to give rise to 2 vols. of Ammonia. 

By applying Avogadro’s hypothesis, it can be shown that 
1 mol. of N 2 combining with 3 mols. of Hg give rise to 2 mols. 
of Ammonia. Therefore 1 mol. of Ammonia contains 1 atom 
of Nitrogen and 3 atoms of Hydrogon. So the formula for 
Ammonia is NH 3 . This is confirmed by the experimental 
determination of its gaseous density which is found to be 8 ' 6 , 
thus tallying with half the molecular weight. 

(a) When ammonia is passed over heated sodium, hydrogen 
gas is liberated and sodamide is formed •— 

2 NH 3 + 2Na = 2 NaNH 2 + H 2 . 

(h) When ammonia is passed over red-hot black copper 
oxide, oxidation of ammonia occurs, nitrogen is set free as gas, 
me‘}allic copper is produced and water is formed as steam, 
which can be condensed by cooling :— 

30uO + 2 NH 3 = 3Cu + 3H 2 O + N 2 . 

(c) When ammonia is mixed with oxygen and ignited, it 
burns with a yellowish flame, with the production of water 
and liberation of nitrogen as gas :— 

4NH 3 + 3 O 2 “ 2N 2 + 6 H 2 O. 

Ammonia resembles phosphine (i) in formula, e.g., NHg 
and PH 3 ; (i?) in basic character, but ammonia is a stronger 
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base with respect to phosphine and combines with all acids 
to form ammonium salts, whereas phosphine is a weak base 
and combines only with halogen acids to form, phosphonium 
halides \ e>g, 

2 NH 3 +H 2 S 04 -(NH 4)2 SO 4 . but PH 3 + = 

{Hi) in their reactivity towards chlorine :— 

8NH 3 + 3 OI 2 = 6NH 4 CI + N 2 
PHs + 4 CI 2 = 3H01 + PClfi. 

{iv) in the action of heai on them, dissociation into elements 
occurring in both cases '• 

2NH3=N2 + 3H2 ; 2PH3=2P + 3H2, 

Q. 4. Deacribe and explain the changes which take place 
when (a) sulphuretted hydrogen is passed into a solutioi of 
ferric chloride, (6) alumimum powder is boiled with conccn” 
trated caustic soda solution, (c) sodium carbonate is added to 
a solution of aluminium chloride, (d) nitric acid is added to 
a solution of ferrous sulphate, {e) monosodium hydrogen 
phospJ^te is heated. Give equations. 

^"Ans. (a) The yellow solution cf ferric chloride turns 
colourless and at the same time it turns turbid. The discbstrge 
of colour is due to reduction of ferric chloride to ferrous chloride 
by sulphuretted hydrogen and the turbidity is due to separation 
of sulphur. The solution also contains hydrochloric acid 
formed during the reaction. 

2 FeCl 3 -f HaS = 2 FeCl« + 2H01 + S. 

(b) When aluminium powder is boiled with concentrated 
caustic soda solution, aluminium passes into solution as sodium 
aluminate. Water also takes part in the reaction. Hydrogen 
gas is evolved. This is due to the amphoteric nature of the 
metal and its oxide. 

2A1 + 2NaOH + 2 H 2 O = 2NaA102 + SHa* 

(c) Thick precipitate of aluminium hydroxide is formed, 
due to hydrolysis of the solution. No carbonate is formed of 
aluminium, on account of the weak basic character of the 
metal. Carbon dioxide is evolved as gas. Water of the solution 
takes part in the reaction. 

2 AICI 3 + SNaaOOa + 3 H 2 O = 2Al(OH)a + GNaOl + SCOj,. ’ 
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(d) ^ When nitric acid added to a solution of ferrous 
sulpha'te which green in colour, the colour of the solution 
^comes brown. This is due to ^oxidation of ferrous sulphate 
to ferric ’sulphate, nitric acid being reduced to nitric oxide, 
which dissolves in any recaainin^ ferrous sulphate which has 
esdapsd oxidation producing a brown solution containing a loose 
compound of FeSOi and NO, viz.^ FeSO*, NO. The reaction 

^ fllrfies place readily in presence of cone. H.^S 04 , but even in 
its absence the oxidation takes place though not completely. 

„ 6B'eSO*’+2l3:NO» + 3H.KO*-3Fe.(SOj3 + 2 NO + 4 H 2 O 

.* S'eSO.+NO = FeKO.. NO. 

This reaction is the basis of nng test for nitric acid and 
nitrates. 

(e) On heating monosodium hydrogen phosphate, the 
mass swells up, water is lost as steam and a residue of sodium 
metaphosphate is left behind. 

NallaFO* « NaPOs + HoO. 

« 

Q. 5. Describe the preparation Q,nd uses of the following 
substances : (a) Water-glass, {b) Green vnriol, (c) Bed lead, 

(d)'* Lunar caustic, (e) Stannic chloride. 

'Auk. (rt) Water-glass is water-soluble glass and is either 
water-soluble soda glass, Na 28103 or water-soluble potash glass 
(KySiOa). It is prepared by fusing together a mixture of cither 
sodium or potassium carbonate, finely powdered white sand and 
charcoal in a small reverberatory furnace. An aqueous 
solution of soluble soda or ])otash glass is known as water-glass. 

Water-glass is used as a filler in cheap soaps, for fire¬ 
proofing textiles and timbers, as a mordant in textile-dyeing 
and printing, for preserving eggs and as a cement for certain 
pdrposes. 

(?>) Green vitriol is ferrous sulphate bepta-hydrate, FeSO^, 
7 H 3 O. ■ Piiinowire, which is made of wrought iron, is dissolved 
in chemically pure sulphuric acid diluted with water. The 
solution so obtained is filtered and evaporated in absence of air, 
when green crystals of FeSO^, THaO will separate out. 

Fe-h H 2 SO 4 . “FeSOi “I* Ha* 

Green vitriol is usually obtained as a by-product in the 
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laboratory from Kipp’s apparatus for generating sulphuretted 
hydrogen for analytical purposes where ferrous sulphide is 
reacted upon by dil. sulphuric acid. 

FeS + H 2SO4 = FeSp4 + H gS. 

The waste liquid collected at the bottom of, the Kipp’s 
apparatus is taken out, filtered, and evaporated to • crystallisa¬ 
tion when pale-green crystals of hydrated ferrous sulphate, op 
green vitriol separates out. • * 

Ferrous sulphate is used in the preparation of ‘writing *ink ; 
in the manufacture of jeweller’s rouge, in dyeing industry and in 
medicine. 

4 

(c) Bed lead is also known as minimum and is triplumbic 
tetroxide, PbaOi. It is usually prepared from lead. Lead is 
heated in a current of air, whereby it is converted into lead 
monoxide, FbO. Lead monoxide is removed and ground, whereby 
any particle of unoxidiscd lead is flattened out and then easily 
removed by means of sieves. Finely powdered lead monoxide 
is next heated either in a reverberatory furnace or in a barrel- 
shaped vessel, open at both ends, in excess of air at 400®0. for 
two consecutive days. The temj'orature should not be allowed 
to go above 400’*C. for in that case red lead formed will dodom- 
pose. The material is taken out, cooled, washed, dried and seilt 
out to the market 

bPb + aOg-nPbO 

6Pb0 + 02 = :^Pb304. 

Bed lead is used as a ])aint } in the manufacture of flint 
glass and in the manufacture of matches ; as an oxidising agent 
in the laboratory. 

* 

{d) Lunar caustic is silver nitrate, AgNOn. It can be 
prepared by dissolving pure metallic silver in moderately 
dilute nitric acid, filtering the solution so obtained and .then 
evaporating the filtered solution to crystallisation when 
colourless tabular crystals separate. These are separated from 
solution by filtration and washing with a little water. 

Ag -r 2HNOfl = AgNO:, + NOg + H gO. 

Silver nitrate is used in medicine as cauterising agent, in 
photography for impregnating gelatin with x^hotohalides, in 



468 


c. u. QUESTIONS WITH ANSWERS ON 


[1963 


silvering of mirrors, in the preparation of marking ink, and 
as a reagent in chemical analysis in the laboratory, both 
qualitative and quantitative. 

(e) chloride, SnOU, is prepared by passing 

dry chlorine over molten tin placed in a distilling flask 
which is connected to a receiver kept cool, SU + 2 GI 2 — 
SnCli. Stannic chloride collects in the receiver as a fuming 
liquid. 

It can also be obtained by distilling a mixture of powdered 
tin with an excess of mercuric chloride. 

Sti + 2 HgCl 2 - 2Hg + SnCl 4 . 

SnCU distils over and collects in a cooled receiver as a 
fuming liquid. 

Stannic chloride, in the hydrated form SnCU, 6H20, is 
used under the name “butter of tin” as a mordant in dyeing 
end calico-printing. Pink mli is a double chloride. (NHi)^ 
SriClof s-nd is also used similarly. 

Q. 6. Name the important ores with their formulae from 
which the foUoioinfj metals are obtained : Uad^ tin and zinc. Give 
a brief account of the method hy vihich any one of them ts 
prodticed'from its ores, Explain the chemical reactions involved 
in its extraction. State the uses of the metal and two of its 
important alloys. 

Ans. Important ores of lead are : (1) Galena, PbS : 
(2) Anglesite, PbS 04 i (3) Cerussite, PbCOa ; (4) Pyromorphite, 
3 Pb:,(P 04 )... PbCla. 

Important ore of tin is only one, viz., Cassiterite or tinstone^ 
SnOa. 

Important ores of zinc are : (1) Zinc blende, ZnS ; 
(2) Calamine or Smithsonite, /nCOa and (3) Red Zinc ore or 
Zincite, ZnO. 

Extraction of Lead ;—Lead is now-a-days extracted by a 
blast-furnace operation from galena, PbS. The ore is first 
crushed into fine powder and the powdered ore is mixed with pine 
oil and water. A blast of air is then blown through the 
mixture when a large quantity of froth is produced, which takes 
up along with it the particles of galena. The worthless 
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impurities like silica etc. sink down. The froth is skimmed off 
and collected* 

The concentrated ore is next sintered in a pot, mounted on 
trunnions and provided with a hood for collecting fupaes. The 
ore, after drying, is mixed with coke and lime stone and fed 
into the pot which has a fire on a grating beneath. A slow 
blast of air is passed through the bottom. Sulphur present in 
galena burns out to SO 2 which escapes as gas and lead oxide 
is produced. The ore is by this means agglomerated into a 
porous cake. 

2 PbS + 302= 2 PbO + 2 SO 2 . 

Pb« + 202=Pb804. 

A little lead sulphate is also formed. 

The sintered mass is broken up into lumps of proper size 
and fed into a small blast furnace of the water-jacketed type, 
together with coke, limestone and iron ore through a charging 
pipe in such a way that the charge settles just beneath the 
waste-gas outlet. A blast of air is admitted through tuyeres. 
At first PbO is reduced by carbon present in the charge 
PbO + 0 = Pb + CO. 

The carbon monoxide formed then reduces PbO to metallic 
lead • PbO + 00 = Pb + C 03 . Any unchanged lead sulphide 
reacts with lead oxide and lead sulphate producing metallic 
lead : 

PbS + 2Pb0 = 3Pb + S 02 . 

PbS + PbS04 =- 2Pb + 2 SO 2 . 

The iron ore added reacts with unchanged lead sulphide 
producing metallic lead and ferrous sulphide : 

2PbS + FeaOs + 30 = 2 Pb + 2 FeS + 300. 

The iron sulphide so formed passes into the slag, which 
consists of calcium silicate and ferrous silicate formed in the 
following way :— 

OaCOg “ OaO + OO 2 

0aO + SiO 2 =Oa 8 iOs 

Fe 2 O 3 + 00 = 2 FeO + OOg 

Fe 0 + Si 02 = FeSi 03 . 

The molten slag and the molten lead are drawn off through 
separate tapping holes provided at the bottom of the furnace. 
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Extraction of Tin :— 

The extraction of tin from tinstone is carried out in four 
Operations * 

(«) * Calcination t— The crushed ore is first washed with 
water for removing earthy impurities. Tinstone, being heavier 
thAn siliceous impurities, settle at the bottom of the washing 
vessel. The wa'shed ore is next calcined in a revolving calciner. 
The ore is fed in at the top, hot gases are admitted from a furnace 
beneath through the bottom, so that as the charge descends, 
it meets the hot gases travelling up'wards. Sulphur and arsenic 
are converted into SO 2 and AB 4 O 6 respectively and volatilise 
away. AsiOb .is condensed in flues. Cu and Fe, present in 
the ore, are converted into their siilphates and oxides. 

'(ay Waahinq :—The calcined ore is next cooled and washed 
with water, whereby soluble substances dissolve and the oxide 
, of iron and other light materials are washed away by floatation. 
Tinstone, being heavy, settles at the bottom of the washing 
vessel. The ore is now known as Black-tin and contains about 
60—70% of BnO«. 

When, however, wolfram (ferrous tungstate) is present along 
With tinstone, it can not be purified by simide washing opera- 
tibn, fOV wolfram is as heavy as tinstone. During calcination 



Fig. 100 

wolfram is converted into ferric tungstate and so becomes 
magnetic. Hence a magnetic separation is carried out. The 
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calcined and washed ore is fed on a> rotating belt placed on the 
two poles of a powerful electromagnet. When the mass comes- 
at the end of the belt and falls to the ground, two separate 
heaps are formed, one of the tinstone freed from wolfram away 
from the magnet and the other of wolfram near the magnet. 

deduction or amelting :—Black-tin is next mixed wjith 
anthracite, limestone and sand, and smelted in a. reverberatory 
furnace of a special type, or in a blast furnace.* The, oxide is 
reduced to metallic tin,which melts down and collects at the 
bottom of the furnace and tlie molten slag collects at its top. 
The slag is removed and the metal is .cast into bars. ’ . 

Sn02+2C = Sn + 2C0. 

(?-v) liejininf] :—The metal, thus obtained, is not pure. It 
is purified by two operations, viz., (l) Liquation and .(2)' 
Poling. 

(1) Liqu.ation is carried out by melting bars of tin on the ^ 
sloping hearth of a reverberatory furnace, when the readily 
fusible tin melts and flows away, leaving the impurities like 
copper, iron, tungsten, arsenic, etc. behind. 

(2) Poling is Tiext carried out in a pot in which liquated tin 
is fused and the fused metal is stirred with poles of greenwood. 
Hydrocarbon gases are evolved freely and these, in bubbling out 
through the molten metal, exi)ose fresh surface of it to the 
oxidising action of air. Impurities still present in tin, viz, iron, 
arsenic, etc. are oxidised, which separate out as scum. The scum 
is removed and commercially pure tin is obtained. 

Extraction of zinc ;— 

Zinc is extracted by the Carbon Beduction Prooesa. 

In case of zinc blende being used as the ore, it requires to 
be submitted to a preliminary concentration operation as it 
contains galena, sand, etc. as impurities. Por the purpose the 
ore is crushed to powder, mixed with pine oil and water with a 
little acid and the mixture stirred by blowing in air through 
it. ZnS floats up with the froth formed and is collected by 
skimming. Impurities settle at the bottom. When calamine 
is used as ore of zinc, no preliminsry concentration is 
necessary. 

The concentrated zinc blende or calamine is next roasted in 
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air, in such a fashion that the sulphide is converted into oxide 
and not into sulphate. Carbonate is readily converted into oxide 
by this operation. 

2ZnS + 30a = 2ZnO + SSOa 
• ZnCOs = ZnO + COa 

The roasted ore containing ZnO only is next thoroughly 
mixed with powdered coal (or anthracite) and the mixture is 
healed to redness in cylindrical retorts made of fireclay in closed 
furnaces fed by gaseous fuel like producer gas. The retorts are 
closed, at one end, and to the open end of each retort, after charg¬ 
ing, a clay tube is luted and this clay tube serves as a condenser 
for zinc vapour. A largo number of such retorts are arranged in 
such a fashion in the furnace that they are slightly inclined down¬ 
wards towards the mouth. During heating, ZnO is reduced to 
metallic zinc and carbon monoxide is evolved as gas. A little 
excess of coal is used, so that no carbon dioxide may be produced, 
since GO 2 has an oxidising action on heated zinc. 

ZnO + G = Zn + 00. 

Carbon monoxide burns at tho mouth of the clay tube with a 
blue flame. After a while, the flame becomes much more 
brilliant, and that indicates the volatilisation of zinc. A smaller 
condenser, made of iron and called prolong, is now fitted to tho 
end of each clay tube to completely condense tho zinc-vapour. 
Zinc vapour condenses partly as liquid in the clay tube and 
partly in the prolong where it is mixed with a little ZnO. 
The molten metal is raked out from time to time and east into 
blocks. We thus get ingots of commercial zinc, called 

Uses of lead :—Dead is used in making shots, bullets, plates 
for storage battery. It is employed for making Lead Chamber 
for manufactuo of iIaB 04 . Evaporating pans, sinks and cisterns 
are also made from load. Load is emi)loyed for roofing-pur¬ 
poses* Lead-lined wooden vats are employed in manufacture 
of chemicals. Lead is also employed in the manufacture of 
pipes and sheaths for electric wires. 

Two important alloys of lead are • (i) type metal^ an alloy of 
Pb, Sn and Sb used in the manufacture of printing types and 
(ii) Soft solder, (an alloy of Pb and Sn), used for soldering. 

. Uses of tin :—Tin is used in preparing vessels of household 
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and technical use; for the mamifacture of tin foils; for 
“tinning". G.e. giving a coating of tin to) copper and iron articles. 
Tin-amalgam is sometimes employed in the manufacture' of 
mirrors. 

• 

Two important alloys of tin are t (l) Common soldet, an alloy 
of lead and tin, employed for soldering and (2) pewter^ an alloy 
of lead and tin, used for manufacturing cheap table-wares. 

Uses of zinc :—Zinc is used in setting up electrical cells ; 
for galvanising iron ; in preparing alloys : for extracting gold 
and silver ; and in the construction of gas-holders, pneumatic 
troughs, etc. 

Two important alloys of zinc are : (1) Brass, an alloy of Cu 
and Zn, used in the manufacture of household utensils and 
cartridge cases, and (2) German silver, an alloy of Cu, Zn and 
Ni, used in the manufacture of household utensils and cheap 
ornaments, 

Copper coin is also an alloy of Zn, containing copper and tin 
along with Zn. 

Q. 7. Bij what chemical test would yoti distinr/uish the 
following pairs of substances ayid identify each of them :— 

(a) Graphite and iodine, {b) a ferric and a ferrous 

salt, (c) a soluble sulphate and a soluble sulphide^ (d) nitrous 
oxide and oxygen, (e) hydrobromic and hydriodic add 
scluUo^ ? 

ySjLS. (a) Graphite is burnt in a current of pure oxygen 
and the gas formed is passed into lime-water, when 'jime- 
wator turns milky, proving thereby that the gas is either 
carbon dioxide or sulphur dioxide. That the gas is not 
sulphur dioxide is proved by the fact that when it is passed 
into acidified potassium diohromate solution, the orange 
colour of the solution does not charge to green. Along 

with this chemical test, the physical characteristics also 
are to be taken into account in order to prove that the 
substance is graphite, viz^t its black colour, shining crys¬ 

talline nature, and its soapy touch point *to its being 
graphite. 

Iodine is dissolved in potassium iodide solution and 

the solution so obtained is added to a solution of starch 
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when the blue starch-iodine (absorption) compound is 
formed. . 

(« 

Bleagents u'scd Fetric salt Feri'ous salt 


1. Si^aOHcolution Brown precipitate of Dirty green precipitate 

ferric Hydroxide is of ferrous hydroxide, 

formed. turning brown in con¬ 

tact with air, is 
produced. 

2. Potassium fef ro- A dark-blue prcci- A white precipitate is 

cyanide, K 4 Fe(CN),, pitate of Prussian blue formed when ferrous 

salt is completely free 
from ferric sail. 

3. * Pplassium ferri- No precipitate is A dark-blue precipitate 

cyanide, Fe(CN),. formed, but only a of Turnbull's blue. 

brown coloration is 
produced. 

• 4 ..- A'mhiouiumthio- Blood-red coloration No coloration is pro- 

cyanate, NH^CNS is produced, dneed if the ferrous 

salt is completely free 
from ferric salt. 


(c) A soluble sulphate in aqueous solution, when treated 
• with * barium chloride solution, produces a heavy white 
precipitate insoluble in cone. HCl, but a soluble sulphide 
does not undergo any such change. 

A Soluble sulphide in aqueous solution is made alkaline 
with caustic soda and then added a few drops of freshly 
prepared sodium nitroprusside solution, when colour of the 
solution turns purple-violet. 

{d) Both nitrous oxide and oxygen are vigorous 
supporters of combustion, White P is ignited in a crucible 
floating on water and a jar of nitrous oxide is inverted 
, _ over it. P continues to burn brilliantly and when the 
' flame is extinguished the gas-jar is cooled, but water does 
•not rise in the jar. But if instead of a jar of nitrous oxide, 
a jar of oxygen be used and the experiment carried out 
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as before, on cooling, water is found to rise in the jar. In 
the former case an equal volume of nitrogen from nitrous 
oxide is set free and so prevents water froi5 rising in the jar 
on account of its insolubility. 

Moreover, by shaking the gas^jars, one containing nitrous 
oxide and the other containing oxygen, with alkaline pyrogallate 
solution, no colour change occurs in the case of nitrons 
oxide, but with oxygen the colour of the sblutionturns 
brown. Moreover, on inverting • the jar of oxygen •after* 
shaking with alkaline pyrogallate over water, water rises in the 
jar and completely fills it up, showing that oxygen is * oonlVletely 
absorbed by alkaline pyrogallate. 

(e) Distinction between HBr and HX can he drawn by adding : 


Reagents used 


( 1 ) AgNOj sol. 


( 2 ) Chlorine water 
and CS.j and shaking 
vigorously. 


HBr solution 


yellowish-white ppt., 
of AgBr obtained, 
insoluble in HNO,, 
but soluble with 
difficulty in NH^OH 

CS 2 —layer at the 
bottom is coloured 
orange-yellow. 


HI solution. • 


Yellow ppt. of Agl 
produced, insoluble in 
HNOa, as also in 
NH 4 OH. 


CS. 2 —layer at the 
bottom is coloured 
violet. 


1954 

FIRST PAPER 


Q 1. State Avogadros hypothesis and discuss the evidence on 
which it is founded. What are the important deductions that can 
be made from it ? 

Ans. Avogadro's hypothesis states that “Equal volumes of all 
gases and vapours, under the same conditions of temperature 
and pressure, contain the same number of molecules." 

SO 
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The evideitoe on,which this hypothesis is founded, is ezperi> 
mentally established by Gay Lussac's law of gaseous volumes* 
In order to explain the above law without bringing it into 
conflict with Dalton's Atomic theory, Avogadro enunciated the 
hypothesis paentioned abpve. 

Gay Lussac experimentally established that when gases 
combine among bhemselves, they, do so in simple numerical 
pro^ortiops by volume and the volumes of the reacting gases 
bear a simple relation to the volume of the resulting product, if 
that be gaseous, the volumes being all measured under the 
Sterne tfoUditions of temx>erature and pressure. Thus it is found 
by Gay Lussac that 1 volume of hydrogen combines with 1 
volume of chlorine and forms two volumes of hydrochloric acid 
g*as. Dalton’s Atomic Theory failed to explain this simple 
behaviour of gases during combination. Though gases were 
found to pbey the same laws relating to their volume, pressure 
and temperature and during combination a simple volumetric 
relationship was found to exist in them, yet a simple relation¬ 
ship existing between number of atoms present in equal volumes 
of ail reacting gases, though stated by Berzelius, failed to 
explain experimentally established Gay Lussac’s Law of Gaseous 
volumes. Avogadro saw the fallacy in the hypothesis put 
forward by Berzelius, viz,, equal volumes of all gases, undei' 
the same conditions of temperature and pressure, contain 
the *same number of atoms. He differentiated between the 
ultimate' particles of every type of matter, elementary and 
compound, capable of existing in the free state, retaining 
all the properties of that kind of matter of which it is a part, 
and the ultimate particles of elements which can take part 
in chemical reaction. He called the first type of particles 
molecules and the second type atoms. Molecules are divisible 
into atoms, but atoms are indivisible* This differentiation helped 
to explain Gay Lussac’s Law of Gaseous volumes without bringing 
it'into confict with Dalton’s Atomic theory. So the evidence on 
’which Avogadro’s hypothesis is based, is the experimentally 
established Gay-Lussac's Law of Gaseous volumes. 

Thus, Gay Lussac’s experimentally established fact is that 
1 vol. of hydrogen combines with 1 vol. of chlorine to give 2 vols. 
of hydrogen chloride. Prom Avogadro’s hypothesis it reduces 
to, n molecules of hydrogen combine with n molecules of chlorine 
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to form 2n molecules of hydrogen chloride. Now* dividing out 
by n, 1 molecule of hydrogen combines ^th 1*^ molecule of 
chlorine to form 2 molecules of hydrogen chloride. So in forming 
1 molecule of hydrogen chloride, half a molecule of hydrogen 
and half a molecule of chlorine will combine. Now, • according 
to Avogadro, molecules can be subdivided, but atoms are indivisi* 
ble. Now, if we take half a molecule to represent 1 atom* then 
it follows that 1 atom of hydrogen combines with 1 atom of 
chlorine to form 1 molecule of hydrogen chloride. So • Dalton's 

Atomic Theory is also not violated. • ' * * 

• * ♦ 

• « 

The important deductions that can be. made from th« 
hypothesis are : ^ ‘ ^ 

(а) Molecules of elementary gases, like hydrogen,‘ oxygen* 
nitrogen, chlorine, etc. are diatomic. 

(б) Molecular weight of any gas is twice its density relative 
to hydrogen. 

(c) The gram-molecular volume of all gases is the same 

under the same conditions of temperature and pressure and is 
22*4 litres at N.T.P. . 

(d) Determination of the molecular formula of 'gas from its 
volumetric composition. 

(e) Determination of the atomic weights of elements. * 

The two of the above deductions are made out in the 
following :— 

• 

(a) In discussing the formation of hydrogen chloride from 
■hydrogen and chlorine, it has been shown that 1 molecule of 
hydrogen as also 1 molecule of chlorine contains at least 2 atoms 
of the elements mentioned. 

Now, hydrogen present in the molecule of hydrogen chloride 
can be replaced by a metal like sodium in one instalment only* 
giving a normal salt ; and in no case, in more than one instal* 
ment. So we are led to believe that a molecule of hydrgen 
chloride contains 1 atom of hydrogen. Hence dt follows from 
what has been stated before that 1 molecule of hydrogen consists 
of only two atoms of hydrogen. 
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(6) The density of any gas with respect to hydrogen is the 
ratio of the weight of a certain volume of that gas to the weight 
of the same,volume of hydrogen, both the volumes being measur¬ 
ed at the. same temeperature and pressure. 

Let D be the density of any gas relative to hydrogen. Then 
bylftefinitipn, we have * . 

(under the same condi- 

wt. of V vols. of hydrogen 

tions of temperature 
and pressure) 

Let “n” be the number of molecules present in V vols. of tho 
gas*. * Then, by Avogadro's hypothesis, we get 

wt. of_“w”_molecules of the gas 
wt. of molecules of hydrogen 


wj^wt. of 1 molecule of the gas 
n X wt. of 1 molecule of hydrogen 

f 

_wt« of 1 mql^i^ of the gas 

wt. of 1 molecule of hydrogen 

wt. of 1 molecule of the gas 
wt. of 2 atoms of hydrogen 

[ since hydrogen molecule is diatomic as proved under (a) J 


_\i^._of 1 molecule of the gas 
2 X wt. of 1 atom of hydrogen 


Hence 2 x Z)s= 


wt. of 1 mole cule of the gas 
wt. of 1 atom of hydrogen 


= Molecular weight of the gas (by definition.) 

Q. 2. How would you show experimentally that two volumes 
of hydrogen react with one volume of oxygen to yield two volume 
of steam ? How do you identify water and distinguish it from 
other colourless liquids ? 

Ans. Lzperimentally the composition of steam is established 
by Hofmann's method. The apparatus for the purpose consists 
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of a f7*shaped eudiometer tube, ooe limb of whic h is clos ed and 
graduated. The closed end of the 
tube has near about the top twV * 
platinum wires sealed into the 
:glass for passing sparks. Tha 
closed limb is surrounded by a 
wider jacket tube for circulating 
amyl alcohol vapour (B. P. 182®) 
when required. The other hmb 
of the O’-tube is open and is 
provided with a side-cock near 
the bottom. 

The closed limb of the O’shap- 
ed tube is first filled with mercury 
and then by displacement of 
mercury it is partially filled with 
a dried mixture of 2 volumes of 
hydrogen and 1 volume of oxygen 
(obtained by the electrolysis of 101 . 

acidulated water and dried by cone. H2SO4). Vapour of amyl 
alcohol, obtained by boiling amyl alcohol in a flask'as shown in 
the figure, is then made to circulate through the jacket tube and 
this passage of amyl alcohol vapour is continued upto the end 
of the experiment. Then, after some time, when the tempers,- 
ture of the mixed gases becomes constant, the mercury level in 
both the limbs is adjusted to the same height and the volume 
of the mixture is carefully read off. Some mercury is then run 
out by opening the tap to reduce the pressure.. The open end is 
then closed with the thumb and a single electric spark is passed 
through the gas mixture by connecting the two platinum wires 
sealed in the glass of the closed limb to the terminals of an 
induction coil. Hydrogen and oxygen combine to produce steam'. 
Mercury level is again adjusted to the same height in both the 
limbs and the volume occupied by steam is noted carefully. It 
will be found that the steam produced occupies exactly two- 
thirds of the volume occupied by the mixture of hydrogen and 
oxygen. That the residual volume of gaseous product is of 
steam only is proved by discontinuing the passage of amyl alcohol 
vapour through the jacket and allowing the temperature of the 
closed limb of the eudiometer tube to come down gradually to 
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room temperature. It ie found that mercury gradually ri8ef> 
iu the closed limh and ultimately fills it up completely, sine / 
condensed water occupies negligible volume. 

Water can 1)6 identified by adding it to anhydrous copper 
sulphate which is white in colour, when the white amorphous 
material will change into a blue crystalline substance. Water 
can be distinguished from other colourless liquids by the obser* 
vation of its freezing point and its boiling point. Pure water 
freezes at 0®O. and boils at 100®C. under normal atmospheric 
pressure, viz.^ pressure of 760 mm. of mercury. 

' Q. 2. Alternative-: 

• • 

* ^ Define and illustrate : (a) Equivalent of an element, (b) 

equivalent of a compound, (c) gram-atom, (d) gram-molecule, (e) 
normal solution. 

% 

Ans. (a) Equivalent of an element is a number which 
expresses that so many parts by weight of it combine with or 
displace from a compound 1 part by weight of hydrogen, or 
8 parts by weight of oxygen or 36*6 parts by weight of chlorine. 
Mathematically expressed 

. Equivaleyit of an element 

wt. of the element in certain unit 
wt. of hydrogen displaced by or combined with the given 

weight of the element expressed 
• in the same unit. 

So it, being the ratio of two weights, is a mere number. 

Thus 12 parts by weight of magnesium can displace 1 part by 
weight of hydrogen. 

Hence 12 is the equivalent of magnesium. 

(b) Equivalent of a compound indicates that amount of 
it which contains one equivalent of the active element present 
in it. Thus the equivalent of anhydrous sodium carbonatoi 
Na 2 C 03 , is that amount of it which contains one equivalent 
of the active element sodium in it. Now 23 is the equivalent 
of sodium and that amount of sodium is present in or 63 
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parts by weight of anhydrous Na2C08. Therefore 63 is the 
equivalent of anhydrous sodium carbonate. 

(c) The atomic weight of an element expressed in grams is 
called a gram-atom of the element. Thus, one gram-atom of 
sodium indicates 23 grams of sodium. 

■ (d) The molecular weight of an element or a compousd 
expressed in grams is known as a gram-molecule of the element 
or the compound mentioned. Thus, one gram-molecule of 
chlorine stands for 71 grams of chlorine ; one gram-molecule of 
sodium chloride stands for 68*6 grams of sodium chloride. 

(e) A normal solution of any substance is that .which 
contains one gram-equivalent of that substance, i.e., equivalent 
of the substance expressed in grama, dissolved in a litre of the 
solution. 

Thus, 36*5 grams is the gram-equivalent of hydrochloric 
acid. Therefore when 1 litre of a solution of hydrochloric acid 
contains 36*6 grams of hydrochloric acid, it is a normal solution 
of hydrochloric acid. 

Q. 3. Describe the preparation of dry ammonia gas tn the 
laboratory. Give a sketch of the apparatus you would use. Outline 
its important physical and chemical properties. With what uses of 
ammonia are you acquainted ? 

Ans. Preparation of dry ammonia in the laboratory is 
carried out by heating dry powdered ammonium chloride with 
about twice its weight of powdered quicklime in a hard glass 
test-tube closed by a cork through which a delivery tube is 
fitted. The hard glass test-tube is clamped in a slightly inclined 
position to a retort stand and the delivery tube is joined to the 
bottom of a lime-tower, filled with quicklime, as shown in the 
figure. An upright delivery tube is next fitted to the top of the 
lime-tower as shown in the figure. Ammonia*, evolved and dried 
in lime-tower, is collected by downward displacement of air. 

2 NH 4 Cl + CaO « 2 NH 3 + CaCl 2 + H *0. 
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Properties of ammonia :— 
It is a colourless gas 
with a peculiar pungent 
smell. It is lighter than air 
and is extremely soluble 
in water. 

Ammonia is neither a 
supporter of combustion 
nor combustible in air. 
But when the gas is set 
fire to in an atomspbere 
of oxygen it burns with a yellowish flame. 

4NH3 + 302 = 2N2 + 6H20. 

The aqueous solution is alkaline and is soapy to the taste, 
and so it is supposed to contain ammonium hydroxide, which 
has not been isolated, for on boiling the aqueous solution, 
ammonia is completely expelled. 

NH8 + H3O--NH4OH. 

The aqueous solution of ammonia can neutralise acids and 
can precipitate the hydroxides of many metals when added to 
the solution of their salts. 

When ammonia is passed over heated metallic sodium or 
potassium, the amide of the alkali metal is formed and hydrogen 
is evolved. 

2Na + 2NH 3 - 2NaNH 2 + H 2 . 

Ammonia acts as a reducing agent under certain conditions. 
Thus, when ammonia is passed over heated copper oxide or 
lead oxide, metallic copper or lead is formed. 

3CuO + 2NH 3 = 30u + 3H 2 O + N 2 . 

Ammonia in excess reacts with chlorine and is oxidised to 
nitrogen, the reaction taking place in two stages, viz., 

2NH9 + 3Cl2 = N2+6HCl 

6HC1 + 6NHs«6NH4C1. 



Fig. 102 
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But with excess of chlorine, nitrogen trichloride is formed. 

NHs + SCls-NCla+SHCL 

t 

Use of amnionia :•— 

Aqueous solution of ammonia is used as A reagent in the 
laboratory and is also employed as a detergent for washing out 
grease. In medicine also the dilute solution of ammonia is used. 
Ammonia as a gas is employed in the manufacture of sodium 
carbonate by Solvay’s process, as also in the produ 9 tion of 
ammonium sulphate which is employed* as a valuable fertiliser. 
Liquid ammonia is used as a refrigerant ih the manufacture 
of ice. 

Q. 4. Give a brief account of the manufacture of sulphuric 
acid by the Chamber process. Explain the reactions involved* 
Give two illustrations of the use of sulphuric acid as (a) a 
dehydrating agents {h) an oxidising agent. 

Ans, For a diagrammatic sketch of the Chamber Plant see 
Q. 2, Alternative, Second Paper, 1952, 

Description of the Process :—The gases from the pyrites 
burners consisting of sulphur dioxide (produced by the burning 
of pyrites, FeS 2 , or sulphur in the burner: 4 FeS 2 + 1108*= 
2 Fe 203 + 8802 ) and air are allowed to enter the nitre ovens hi 
which sodium nitrate and cone, sulphuric acid are heated 
together to give nitric acid. Thus a mixture of air, SO 2 , HNO 3 
vapour and oxides of nitrogen is obtained. This mixture is next 
passed up the Glover tower and there it meets a downward 
current of a mixture of Chamber acid and Jiitrated sulphuric 
acid. The gas-mixture is thus cooled and a certain portion of 
sulphur dioxide is converted into H 2 SO 4 . At the same time the 
Chamber acid is concentrated by loss of water and the nitrated 
H 2 SO 4 is freed from oxides of nitrogen. The gas-mixture, 
coming out of the Glover’s tower, enters lead chambers arranged 
one after another and meets there with fine spray of water, 
injected inside the chambers from the roofs of the chambers and 
atomised by impact with a metal plate. H 2 SOU is produced 
inside the chambers and collects on the fioor of the chambers. 
This is known as Chamber acid, which is collected underneath 
in a tank and pumped up to the top of the Glover tower. The 
gases escaping from the last lead chamber are charged with 
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oxides of nitrogen and for recovery of these oxides of nitrogen 
the gas>mixtnre is passed up the Gay Lussac's tower where it 
meets a downward current of cone. H 2 SO 4 which takes up the 
oxides of nitrogen. The spent gases are next allowed to escape 
to the atmosphere through a chimney (not shown in the figure). 

IteactionB>occarixig in Glover’s tower and in lead Chambers :— 

(1) SO2 + 2HNO8-H28O4 + 2NO2 

(2) ’802+N02 + Ha0 = H 2 S 04 +N 0 

(3) 2NO + Oa = 2NOa 

When steam or cold water supply falls short in lead cham- 
.bers, the following reaction takes place with formation of 
“Chamber crystals” :— 

3 NO 2 + 2SOa + HaO = NO + 2S0a(0H)(N02) 

Nitrosyl sulphuric acid, or chamber 
crystals. 

.When water is introduced in suflScient quantity, chamber 
crystals decompose producing sulphuric acid :— 

2(S02)(0H)(N08) + HaO = 2 H 2 SO 4 + NaOs 

Na-Oa-NO + NOg. 

(<7/) '(*) 8 ulphurio acid in the concentrated form can remove 
moisture present in a moist gas. For example, when hydrogen 
is prepared by the action of dilute sulphuric acid on zinc^ 
the gas evolved is rendered moist by the water-vapour escaping 
along with the gas. The evolved hydrogen, when passed 
through a wash-bottle containing cone. IlaSO^, is freed from 
moisture and rendered dry. 

(n) Cone. H 2 SO 4 can also a])stract the elements of water 
from compounds where hydrogen and oxygen are present in the 
same proportion as in water. Thus, cane-sugar CiaH 2 2 O 11 , 
when, in the form of a concentrated solution, is treated with 
cone. H 28 O 4 , carbon is produced, water being abstracted by 
cone. HaBO** 

CiaH 280 ii = 12 C-HlH 20 . 

( 6 ) (0 Concentrated sulphuric acid, when heated with 
* potassium bromide, oxidises KBr to bromine. 

2KBr + 3H aSO* « 2KHSO* H- SOa + Br 2 + 2H 2 O. 

(a) When heated with carbon, concentrated sulphuric acid 
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oxidises carbon to carbon dioxide, itself being reduced to sulphur 
dioxide. 

C + 2 H 2 SO 4 “CO9 + 280* + 2 HgO. 

Q. 4. Alternative. 

« 

What do you understand by the term ‘allotropy’ f 

Describe some experiments to prove that red and yollow 
phosphorus are allotropic forms of the same element ? Hotv are 
yellow and red phophorus obtained from bone-ash ? 

Ans. Allotropy is the property possessed by an element of 
occurring in two or more forms ; the forms differ entirely in 
physipal and to some extent in chemical properties. 

'’'^C^xperiments to prove that red and yellow phosphorus are 
allotropic forms of the same element :— 

(1) Equal weights of red phosphorus and yellow phosphorus 
are taken and burnt carefully in excess of oxygen by suitable 
arrangement so that there is no loss of tho products formed in 
each case. The products are collected separately and dissolved in 
excess of water, whereby phosphoric acid, HaPOi, formed in 
both the cases. The two different solutions so obtained are 
neutralised with ammonia and completely precipitated separately 
with magnesia mixture in presence of ammonia and ammonium 
chloride. The precipitates are filtered separately, washed 
thoroughly, transferred to a weighed crucible, ignited completely 
to magnesium pyrophosphate and weighed to constant weight by 
repeated heating, cooling in a desiccator and weighing. 

It will be found, if the experiment be carefully performed, 
that the two weights of magnesium pyro])ho8phate obtained in 
the two cases are the same, proving thereby that we are dealing 
with one and the same element. 

(2) When red phosphorus in heated in an inert atmosphere 
above 650®O. so that vapours are produced and the vapours so 
formed are rapidly cooled, yellow phosphorus is obtained. 
Again, if yellow phosphorus be heated to 240®G. in an inert 
atmosphere with a trace of iodine (catalyst), red phosphorus is 
formed. This inter-convertibility shows that yellow phosphorus 
and red phosphorus are allotropic forms of the same element. 

Preparation of yellow phosphorus from hone-ash :—Bone-ash 
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mainly consists of calcium phosphate (80%) and is utilised for 
getting yellow phosphorus. The old Retort Process is now 
obsolete and the modern Rlectrical Process, devised by Headman, 
Parker and Robinson, is now in vogue for getting yellow 
phosphorus. * 

A mixtufb of bone-ash, sand and coke is fed through the 
hopper, by a worm conveyer into a closed electric furance which 
is made of brick-work. The furance is provided with an outlet 
near the top for the escape of hot gases and vapours of phos- 

m 



Fig. 103 

phorus, and another at the bottom for taking out the slag. 
Electric current is supplied through two stout carbon rods fixed 
a little above the bottom level as shown in the figure so as to 
form an “arc" inside the mixture which is heated very strongly 
in this way to about 1200® ■“ 1500®C. 

At the high temperature produced inside the mixture calcium 
phosphate reacts with silica, producing calcium silicate and 
phosphorus pentoxide. 

CaaCPOJa + SSiO^ "SOaSiOa +P2O5. 

Phosphorus pentoxide is then reduced by carbon of coke and 
phosphorus is set free. 

2 P 205 lOC ~ lOCO + 4P. 

Calcium silicate melts and sinks to the bottom and therefrom 
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it is run off by the slag-hole. Phosphorus vapours- along with 
CO escape through the outlet near the top, and are passed into 
water, where phosphorus vapours condense into solid yellow 
phosphorus and carbon monoxide, being insoluble* escapes as gas. 

Fresh mixture is introduced froin time to tilhe and the 
process is thus made continuous. 

Bed phosphorus is obtained from yellowy ' phosphorus which 
is directly obtained from bone-ash by the method described 
above. Yellow phosphorus is heated to 240® - 250®C. nut of 
contact with air, in a covered cast-iron vessel provided with a 
safety tube with a trace of iodine. The temperature ^s not 
allowed to rise above 260®C. The solid, left in the vessel after 
heating, is first ground to powder, and then boiled with caustic 
soda solution to remove any unchanged yellow phosphorus 
likely to be present. The residue is finally washed with water 
and dried. * 


Q. 5. What is lime ? How is it obtained ? What happens 
when hme ts (a) mixed with watert (6) heated strongly with sandy 
(c) treated loith chlorute, and (d) exposed to carbon dioxide gas ? 
Give equations. 


Ans. Common lime is also called quicklime and it is 
chemically oxide of calcium, CaO. It is obtained by heating 
limestone or shells of the molluscs in specially designed kilns. 
The operation is known industrially as lime-burning and is 


carried out in the continuously 
shown in the adjoining figure. 

A vertical shaft furance made 
of bricks with a hopper at 
the top is used herein. The fire¬ 
place is situated by tbe side 
of the furnace, and several 
openings are present at the 
top of the furnace and on the 
side opposite to the fire-place 
there is an arrangement for 
an opening closed with clay 
for removing the lime formed 
by the operation by removing 
the clay-covering and then again 
closing it up with clay for the 


acting furance constructed as 



Fig. 104 
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the subsequent operation. Limestone is charged into the 
furnace thraugh the hopper and the flames and hot gases from 
the fire*plaoe where product gas is burnt are made to play on 
the limestone. Garbos dioxide is evolved and escapes through 
the outlet at the top. Quicklime is then raked out by opening 
the outlet at the bottom. Fresh charge of limestone is next 
introduced at the top through the hopper and so the process is 
made continuous. 

OaOOs=CaO + C02. 

Quicklime crumbles to *powder on addition of small 
quantity of water and great heat is developed and a hissing 
sound is produced ; a portion of water escapes as steam. When 
the required amount of water is added, complete conversion to a 
dry white powder of calcium hydroxide occurs, due to chemical 
combination of quicklime with water. This process of conver¬ 
sion of quicklime to calcium hydroxide is known as slaking of 
lime. 

* Ca0 + H20 = Ca(0H)2. 

On addition of a large quantity of water a small portion of 
calcium hydroxide passes into solution and the large portion of 
0a(0H)2 forms an emulsion with water. The solution of 
Ca(OH )2 obtained by filtration is known as lime-water and the 
emulsion of 0 a( 0 H )2 with water is known as milk of lime. 

(h) When strongly heated with sand or silica (Si02)f quick¬ 
lime combines with Bi 02 forming a fusible calcium silicate. 

CaO + SiOa-OaSiOs. 

(c) Chlorine does not react with quicklime at ordinary 
temperature, but when chlorine is passed over red-hot quicklime, 
oxygen is* evolved and calcium chloride is formed. 

2CaO -H 201 a = 2CaCl 2 + O a. 

(d) When exposed to dry carbon dioxide gas, quicklime 
slowly absorbs GO 2 when a sufficient excess of the gas is present 
and calcium carbonate is formed. If the carbon dioxide gas be 
moist, then quicklime readily absorbs GO 2 with the formation of 
calcium carbonate. 

(f) OaO + OOa=OaCOs. 

(«) 0aO + H 2 O = Ca(OH)a 
•(Hi) Ga (OH) 2 + CO a CaOOs + H aO. 
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Q. 5. Alternative : 

* . • 

Name the important minerals of aluminium -and give their 
formulae. How is metallic qluminium oktained from the oxide 
ore ? State uses of the metal, * ^ 

How is anhydrous aluminium chloride prepared f Describe 
the action of caustic alkali on metallic aluminium. 

Ans. The important mineral^ of aluminium aVe 

(1) Corundum, ruby, sapphire etc., Al 2 Pa 

(2) Diaspore, AlaOs, HsO 

(3) Bauxile, AUOs, 2 H 2 O 

( 4 ) Gibbsite, AI 2 O 3 , SHaO 

(5) Potash-fehpar, Orthoclase, K 2 O, A^Os* 6Si0a. which, on 
weathering, gives rise to Porcelain-clay, China-clay or Kaolin , 
AI 2 O 3 , 2 Si 02 , 2 H 2 O* 

( 6 ) Cryolite, AlFa, 3NaF. 

(7) Alunite, K 2 SO 4 , Al 2 (S 04 ) 9 , 4Al(OH)a, 

( 8 ) Spienel MgO, AlaOs. 

(9) Chrysohei'yl, BeO, AI 2 O 8 . 

The extraction of aluminium from its oxide ore consists of 
two operations :—(a) Purification of Bauxite which contains 
ferric oxide and silica as impurities and (b) electrolytic 
decomposition of purified Bauxite. 

(a) Purification of Bauxite with the production of pure 
AI 2 O 3 can be carried out in two ways. In the old process, (a) 
bauxite is heated to bright redness with sodium carbonate, when 
sodium aluminate, NaA108, is formed. The mass is rapidly lixi> 
viated with water, whereby a solution of sodium aluminate i^ 
obtained and finely divided ferric oxide, which remains insoluble, 
is removed by decantation* The clear solution of sodium alu* 
minate is then treated with carbon dioxide at 60° ~ 60°0., when 
a granular precipitate of aluminium hydroxide is thrown 
down. 

AI2O3 + NaaOOa - 2NaA102 + GOa 

2NaA10a + COa + 3HaO - NaaOOa + 2AI(OH)8. 

*■ 

The precipitated Al(OH )8 is separated and then ignited when 
AlaOs is obtained. 

2Al(OH)a « AlaOa + 8HaO. 
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(b) In the modern Baeyer process, the calcined bauxite ia 
digested under 801b. pressure and at 150°G. with caustic soda 
solution. Sodium aluminate is formed and oxide of iron is left 
behind. The solution of sodium aluminate is separated from 
deposited iron oxide by decantation, and then agitated with 
ll small quantity of freshly precipitated alumina. Nearly all 
the alumina in solution is thereby precipitated which is easily 
washed and this *on ignition yields pure A120s. 

AI2O3 + 2NaOII = 2NaA102 + HsO* 

The above reaction is reversed on agitation with precipitated 
AUO3. * 

• The alumina purified by any of the above processes is then 
dissolved in fused cryolite and electrolysed between carbon elec¬ 
trodes. The electric furnace consists of an iro7i box lined inter¬ 
nally with blocks of gas carbon and is made the cathode. The 
anodes consist of a bunch of carbon rods hung from a copper 
rod and dipped into the electrolytic bath. The electrolyte is a 
solution of purified AI2O3 in fused cryolite, AIF3, 3NaF, together 
with some fluorspar, CaFs. the temperature of the bath being 
kept at 876® — 950^0. 



Fig. 106 

The alumina is electrolysed, the metal being deposited at the 
bottom of the bath below the anodes. The oxygen liberated at 
the anodes attacks them with the production of 00 and COa in 
about equal volumes. The charge is usually covered with a 
layer of carbon and fresh alumina is stirred in from time to time. 
The complete decomposition of alumina is indicated by a rise 
in resistance of the bath, the lamp shunted with the bath 
brightening at this stage. 
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2AU0,=4A.l + 60, 

C + 02“C02 « 

2C + Oa“2CO. 

The chief uses of the metal are 

(1) in the production of light alloys like magnaliura* 

(Al + Mg), duralumin (Al + Mg + Cu + Mn), alUminiunrhronzes, 
etc. ; ‘ ; 

(2) in the production of aluminium powder which is uspd as 

a paint and in fire works ; , 

(3) in the th*>.rmite process of the extraction of metals like 

Cr, Mn and for repairing iron rails ; ■ • ' 

(4) in the production of amalgamated aluminium foil which 
is used as a reducing agent in neutral medium ; 

(6) in the production of cables and overhead wires for 
transmission of electric current. 

Anhydrous aluminium chloride is prepared by heating a 
mixture of aluminium oxide and carbon in a hard glass tube 
and i)as3ing a current of dry chlorine gas over the mixture.’ 
The exit tube fitted to the hard glass tube is introduced through 
a cork into a dry wide*moutbed bottle and anhydrous AlChi 
collected therein by sublimation. 

A1 aO;! + 30 + 3C12 = 2A1CI n + 300. 

When metallic aluminium is heated with caustic alkali 
(either caustic soda, NaOli, or caustic potash, KOH), hydrogen 
gas is evolved and sodium or potassium aluminate, NaAiO« or 
KAlOa is formed. 

2A1 + 2NaOH d- 2H3O - 2NaA102 + SHa 
2A1 d- 2K0H d- 2fl 2O - 2KAIO2 d- 3H 2. 

SECOND PAPER—1954 

Q. 1, State Faraday s laws cf electrolysis and express them 
in the form of an eqiiation. Calculate at N.2\P., the vohme 
of hydrogen which will be liberated tuhen a current of 10 amperes 
is passed through a dilute solution of H 2 SO 4 in water for 6 
minutes and 26 seconds. Given one Faraday «= 96,500 coloumbs. 


31 
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Ans. • (a) Faraday’s la'WS*of electrolysis are two in number. 

’ W T]>e t^assi of an ion liberated during electrolysis is directly 

proportional‘to the strength of the current and to the time 

during w,hich the oprrent flows i.e., to the quantity of electricity 

flowing through the circuit. 

- * % 

^ Thus if W*be the mass in grant of an ion liberated, C the 
stretigth of thehurrent in ampere and t the time in second during 
which the ^current flows, then W°^Cxt, or W=^CL where Z 
* i% a constant. Now when C = 1 amp., and i-1 sec. then W — Z = 
♦mass* of ion liberated by unit quantity of electricity. This 
'quantity, Z,, is' called^ the electro-chemical equivalent of the 
substspcq liberated by the passage of unit quantity of electricity. 

{it)^ When the same quantity of electricity is passed through 
different electrolytes, the relative masses of ions liberated are 
proportional to their chemical equivalents. 

Thus, from the 2nd law it follows that the electro-chemical 
equivalent (15. C. E.) of an clement is directly proportional to 
its chemical equivalent (0. E.). Thus 

E. C. E. of an element X _G. E.^f X 
E. 0. E. of another element T C. E. of T 


Honce,- 

i 


E.-.O. E. of any element C. K. of the element 
E. C. E. of hydrogen C. E. of Hydrogen 


But the C. E. of hydrogen --=1 

/. E. 0. E. of any element = E. 0- E. of Hydrogen x 

» C. E. of the element. 

From the 1st law, wo deduce the relationship W=-‘-^ZCt, the 
potations being explained before. 

From the 2nd law, we get the relationship, electro-chemical 
oduivalent of an element (or ion) == Electro-chemical equivalent 
of Ijydrogen x chemical equivalent of the element (or ion). 

Hence, by combining these two laws, we get the mathema¬ 
tical relationship 


W—Ii X X X 6' X ty where 

TF = mass of an element (or ion) in gram liberated, 
electro-chemical equivalent of hydrogen *, 

^0*== chemical equivalent of the element (or ion) ; 
C-strength of the current in amperes ; 
i —itrno measured in seconds. 
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According to Faraday's Seco/id Law of Electrol^is, X Faraday 
or 96,500 ooloumbs of electricity will liberate equivalent weigh.ti 
of tbe element in grams. 

m 

Thus 1 Faraday of electricity will liberate 1 'grain of hydro¬ 
gen, i.e., 96,500 coloumbs.or 96,500 amperes of,* current flowing 
for 1 second will liberate 1 gram of Hydrogen. Therefore 

ampere of current flowing for 1 second will liberate 

of Hydrogen, and this is the electro-chemidal equivalent t>^ 
Hydrogen by definition. 

Hence, from the relation 

W = Zct, where W ==* the mass of Hydrogefi liberated • dtle to 
the passage of current c amperes flowing for t secoftds, 2/ being 
the electro-chemical equivalent of Hydrogen, wo have * 

^“96^00^1° ^386 Km. 

[ 6 mins. 26 secs, = 386 sect. J 

Now, wo know that the molecular weight of Hydrogen expressed 
in grams occupy 22*4 litres at N.T.P. 

Therefore 1 gram of Hydrogen will occupy 11*2 litres'at 
N.T.P. . • ‘ 

« 

Hence the volume of Hydrogen liberated at N.T.P. b*y the 
current of 10 amperes flowing for 6 mins. 26 secs. 

= ^ 10 ^ 386 X 11*2 litres 

= 448 c. c. 

Q. 2. Discuss tJie criteria of a chemical compound. Describe 
how you would separate the constituents of a mixture consisting of 
sulphur, sodium chloride and sand in a fine state of division, 

Ans. A chemical compound is homogeneous in character 
and possesses fixed properties which are characteristics of that 
particular substance. It is produced by chemical action between 
two or more elements and compounds and it differs entirely in 
properties from the elements or compounds from which it is 
formed. It possesses a fixity in composition and its formation 
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is always attended with a heat change (either evolfition or 
absorption of heat)* A chemical compound can therefore be* 
broken up into two or more different elements or compounds by 
chemical meansw 

T];ius, water is a chemical compotind formed by the chemical 
€nion of two' gaseous elements, Hydrogen, and Oxygen. Tho 
properties of water are entirely different from the properties of 
either Hydrogen or Oxygen. * Hydrogen and Oxygen are present 
In water, which is* homogeneous in characteri in definite pro¬ 
portions by weight, w-s'., 2 parts of Hydrogen are always found 
to be combined with 16 parts by "weight of Oxygen in water 
molecule. The combination of Hydrogen apd Oxygen is always- 
attended with*evolution of definite quantity of heat in the for- 
.mation of water. Also water can be broken up into its elements 
t;*^.,‘by the*passage of electricity through acidulated water. 

The mixture consisting of sulphur, sodium chloride and sand 
in a fine.state of division, is first boiled with water and filtered. 
The residue on the filter paper is washed with hot water till 
the filtrate is entirely free from sodium chloride (ns tested by 
silver nitrate solution when no turbidity is produced). The 
filtrate, collected in a basin, is evaporated to dryness and 
sodium chloride recovered in the solid state. The residue is 
dried completely by placing it in a steam oven, then treated 
repeatedly with warm carbon disulphide and filtered. 


*TIie filtrate is collected in another shallow basin. The 
treatment with warm CSo is continued till all the sulphur 
passes into solution. The CS2 from the filtrate is evaporated 
away by exposing it to the atmosphere and sulphur recovered. 
The residue on the filter paper is sand. 


Q. 3. State the reactions tvhich occur when (a) steam is ^lass^ 
over heated iron powder, (?>) 00a tnissed in excess throi^ a 
concentrated solution of Nad saturated wtth ammonia, 
is passed in excess through a suspension of calcium sulphate 
saturated with 00.^ under pressure, {(i) 1[,^S is passed through a 
suspension ^ iodi ne in water. 

Steam is decomposed, Hydrogen is evolved and 
iron is oxidised to triferric tetroxide. The iron powder should be 
red-hot. 


3Fe + 4H20-T’e304 + 4H2. 
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(b) This reaction is the basis of the ammonia-soda process 
for the ^manufacture of sodium carbonate. NaCl »8 converted 
into sodium bicarbonate by the simultaneous action of ammonia 
and OOg, 

NaCl + NH3 + CO., +11 gO - NaHCOa + NtliCl.* 

On account of the low solubility of NaHCOa, - it is pr^cipit 
tated out. 

* 

(c) The reaction gives risQ to the formation of .ammoni|tni 

.sulphate solution and calcium carbonate formed simultaneous!jn 
remains insoluble.' ' . . * 

CaSO4 + 2NH3+C02+HaO = Ca0O« + (NH4)2SO4. 

(d) Iodine is reduced to hydriodic acid and HgS is oxidised 
to sulphur. 

HgS-l-rs = 2Hl'+S. 

Sulphur is precipitated and hydriodic acid .remains in 
.solution. 

Q. 4. Alternative ; 

Starting from sodtwn r.hlorhle, how caustic aoda and chlorine 
Clin he manufactured f State itvo important u$cs of each of the 
products ? 

Ana. Sodium chloride solution (brine) is electrolysed in ^ 
divided cell in order to get caustic soda and chlorine. • . 

The electrolysis of brine is carried out in a rectangular vessel 
divided into three compartments by means of slate partitions 
(Fig- ‘JOB). The partitions do not actually touch the bottom of the 
vessel but dip into a layer of mercury which covers its floor. 
The two outer compartments aie lilled with brine and are fitted 
with stout carbon rods which serve as the anodes. The cathodes 
are a bunch of iron rods susi)endod in the middle compartment 
containing water to which a little caustic soda has been added to 
make it a conductor. The layer of mercury is electrically 
connected with the iron rods. The whole vessel rests, on one 
side, upon an eccentric. The anodes are now connected together 
and then with the positive pole of a battery, While the cathode 
is connected with its negative pole. On passing electric current 
ohlorine is evolved at the anodes and is led away for the manu« 
facture of bleaching powder. Sodium is liberated at the mercury 
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cathode in the «Qt8ide compartments where it dissplves in 



.Fig. 106 

mercury producing an amalgam. The amalgam is transferred to* 
the middle compartment by giving a slow rocking movement to 
t)ie whole vessel by the eccentric. Sodium reacts with water 
•producing caustic soda and hydrogen. Caustic soda solution is. 
now taken Out and is evaporated in iron vessels. The solid so- 
obtained is finally melted down and cast into sticks, pellets or 
balls.. . ‘ 

2Na + 2H aO *= 2NaOH + Ho. 

V 

'Uses of caustic soda .—Caustic soda is employed (1) in the 
' manufacture of soap, metallic sodium and many chemicals j (2) 
in the manufacture of paper and artificial silk ; (3) in bleaching 
and refining oils ; (4) in the purification of bauxite and (5) in 
the laboratory as a reagent. 

Chlorine is evolved during this manufacture of caustic soda 
at thd anodes which is led off by an outlet pipe, and collected 
over brine. For industrial purpose it is dried by cone. H2SO4, 
liquefied and the liquid is stored in iron cylinders. 

• Uses of Chlorine :— 

'• Chlorine is used in the manufacture of bleaching powder^ 
chloroform, bromine, chlorates, etc., as a disinfectant, for 
.preparing pure HCl and for preparing certain poisonous gases, 
like phosgene, mustard gas, etc., in the extraction of gold 
and for refining petroleum. 

Q. 4. Describe how you luculd prepare ozone. Sketch the 
apparatus^ Uoto would you obtain it in a fairly pure state f 
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S^O/te its uses. Describe what happens token ozone is passed 
through (») hydrogen peroxide^ (b) acidified 'potassium todide 
solution and (c) potassium permanganate solution, Givfi^ 
equations. . 

Ans. Preparation of Ozone :—Oz#ne is best obtaiifed by 
exposing puie dry oxygen to the action of silent electric diScbarge 
in Siemen’s ozoniser which consists of two concentric glass tubes. 
The outer tube is coated outride and the inner lined inside with 
tinfoils. Tliese tinfoils are connected with two.binding-screws . 
which in their turn are in connection with* a* Rulimtoril’s coil. 
Dry oxygen is pass’ed through the annular space in sloW stream 
and a series of silent electric discharge iS passed. The gas com-*^ 
ing out at the exit consists of a mixture of ox^^gen and ozon^,* 



•Siemens* ozoniser. 


Fig. 107 

The yield of ozone is only 5 to %%. , 

Ozone can be prepared in a fairly pure state by the following 
method :— 

Ozonised oxygen that is produced by the method described 
is liquefied by taking it in a tube and immersing that tube* in 
liquid air. A blue liquid is obtained, which is a solution of 
liqiiid ozone in liquid oxygen. This liquid is strongly cooled 
and then allowed to evaporate by lowering the pressure, when, 
violet black crystals of pure solid ozone are formed. These 
crystals are then separately taken, and the temperature is' 
allowed to rise gradually when the solid ozone first melts and 
the liquid so formed begins to boil at — li2‘4®C., yielding a dark- 
blue gas which is pure ozone. * 

(a) Oxygen is evolved as gas and water is left behind. 

H 2O 2"i*03~H20"*" 20 2 • 
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(6) Iodine is liberated and the colour of the solution 
turns brown. 

0a+2Kl+n2S04=02+l2+K2S04 + H20. 

(c) The solution remains unchanged in colour. Ozone does 
»)ot react with potassium permanganate (KMnO^) at all. 

\ Q. 4. Alternative : 

experiments have lesn made with the object of isolating 
fluorine ? Hoiu do you account for their failure ? How and 
by tvhom jiourine teds isolated for the first Ume ? How iS 
hydrogen fluoride prepared %n a state of purity ayid ivhat are 
its uses ? 

Ans. The following were the experiments made for isolating 
fluorine, with the reasons for their failures '— 

(1) Hydrofluoric acid was heated with strong oxidising 
agents like manganese dioxide, potassium permanganate, etc., but 
no fluorine was obtained because hydrofluoric acid cannot be 
oxidised in that way, since fluorine was most reactive and the 
modt electro-negative element known. 

(2) Aqueous solution of hydrofluoric acid was subjected to 
electrolysis, but no fluorine was evolved : instead Oxygen was 
liberated at the anode. This was due to decomposition of water 
by electricity which was rendered conducting due to the 
presence of TlF. 

(3) Anhydrous HF was next attempted to be electrolysed, 
but it was found to be a perfect non-conductor of electricity. 

Fluorine was isolated by Moissan in 1886 by the anodic 
oxidation of HF in a hath of anhydrous HF containing potassium 
hydrogen fluoride dissolved in it. 

Preparation of Fluorine by Moissan’s method :—Fluorine is 
prepared by the electrolysis of a solution of potassium liydrogen 
fluoride, KF, HF in anhydrous hydrofluoric ncid, HF. The 
apparatus consists of a U-tube made of an alloy of Platinum- 
Iridium provided with two side tubes and is fitted with 
fluorspar stoppers. Two electrodes made also of Platinum- 
Iridium alloy and thickened at the bottom pass through these 
fluorspar stoppers. The whole apparatus is kept immerged in a 
bath of boiling methyl chloride at about-23®C. The U-tube is 
®fd filled up with the electrolyte, a solution of KF, HF in 
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anhydrous HF. On passing the current through the electrolyte, 
HF undergoes decomposition, H2 being liberated at the cathode 
and Fluorine at the anode. The fluorine is led through a. spiral 
of Pt kept immersed in boiling methyl chloride to remove any 
HF vapour by condensation. The gas is next passed throughka 
tube of pt packed with NaF which removes the last trace of HF. 
Fluorine is collected in a Pt vessel by the upward displace¬ 
ment of air. 



Fig. 1G8 


Pure hydrogen fluoride is prepared by heating anhydrous 
potassium hydrogen fluoride (Fremy’s salt, KHFg) in a plati¬ 
num retort connected to a platinum condenser and a platinum 
receiver. 

Ice-cold water is made to circulate in the condenser and 
the receiver is placed in freezing mixture. Pure HF collects 
in the receiver. KIJ F. - KF + HF. 

The last trace of moisture from the distillate is removed by 
dipping two platinum electrodes in the liquid distillate and 
passing electric current through it. As soon as all the water 
is removed by electrolysis with the evolution of H2 and O2 at 
the two electrodes, the passage of current is stopped. 

Uses of HF —(i) Hydrofluoric acid is used extensively for 
■etching glass. All the glass measuring-instruments are marked 
by etching with HF. 

(2) It is used in the laboratory for analysis. 

(3) It is employed for removing silica from iron'castings. 

(4) It is also used for sterilising casks in which brewing 
operations for production of alcohol are carried out. 
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Q. 5. What (ire the three important commercial varieties of 
iron and how do they differ fr%m one another in their composition 
"and properties ? State their uses. 

Djscnhe the production of one of these varieties of iron starting 
from iron ores (oa^ide). 

What hajipem when metalli'c iron 'is placed in a solution of 
copper sulphate ? (live equation. 

♦ Ans. Three important commercial varieties of iron are t cast 
iron, wrou??ht iron and steel. 

* t 

Cast‘Iron, Wrought Iron and Steel Compared :— 


' Properties. 

Carbon 
content 

« 

Impurities 

« 

Hardness 
Malleability 

Appearance 
Melting point 
Tempering 

Magnetisation I 


! Cast Iron 

2 - 6 % 

i .* 

Also impuri¬ 
ties like Si, 
Mn, P, S etc. 
are present 

Hard 

Brittle 

Crystalline 

1200°C 

Cannot be 
1 tcmiiered 

' Cannot be pei 
manently ma 
netisod. 


Wrought Iron 


0‘12-0*26% 

Purest form 
of commercial 
iron 


Soft 

Malleable 


Fibrous 

1500"C. 

Can not be 
I tempered 

I 

I 

- Can not be 
permanently 
magnetised 


Steel 


0*25 -1*5% 

Intermediate in 
purity between 
Cast iron and 
Wrought iron 

Hard and soft 

Malleable and 
brittle 

Crystalline 

1300® - 1400®a 

Can be 
tempered 


^ Can be perma¬ 
nently magne¬ 
tised 
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The difference in properties of the different forms of iron i& 
due to the presence of different propoftions of other elements, 
combined and uncombined, in iron. 

Uae^ : Cast iron is used for casting ornamental iron goods 
like railings as also for iron articles. It is also used for the 
manufacture of steel and wrought iron. Steel is used in the 
manufacture of railway lines, locomotives, joists, etc. ; in the 
manufacture of war implementSi surgical instrunfents, cutlery, 
etc. It is also used in preparing artificial magnets, watch 
springs, etc. Wrought iron is used in the preparation of ^cores 
of electromagnets, piano wires and wires for binding flowers. 

Herein a description of production of cast-iron from the 
oxide ores is described. 


The ores generally employed for’ the extraction of iron are 
the oxides. These ores are first roasted in order to drive off 
water and carbon dioxide, to render, the mass porous and to 
convert the ferrous oxide to ferric oxide. The oxide, thus 
obtained, is then reduced with coke and limestone in a blast’ 
furnace. The blast furnace is made of steel and lined insido> 



Fig. 109 

with fire-bricks. It is from 50 to 80 ft. in height and is broadest 
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at tHe middle. The top of the furnace is closed by a cup'and- 
cone arranj^ement* The calcined ore mixed with coke and lime¬ 
stone, ig introduced into the furnace, by lowering the cone. A 
blast of heate4 air at a temp- of 700° - 800°C. is then introduced 
through the jets at the bottom, known as tuyeres, i)laced round 
the baser of the furnace. The oxygen of the air combines with 
the carbon to form carbon monoxide which brings about the 
reduction of the iron oxide to iron, 

, FegOa + 3CO = 2Fe + SCOg, 

A portion of FcaOa that- may escape reduction by CO is 
feduced by carbon itself. The spongy iron so obtained at a 
temp, of 1000'C, absorbs various impurities like carbon, sulphur, 
phosphorus and silicon from the ore, coke, etc. This impure 
iron melts and descends to the bottom of the furnace. Lime 
•obtained by the decomposition of the limestone at the tempera¬ 
ture of the furnace, combines with the siliceous impurities 
present in the ore forming a slag which flows down with the 
molten iron to the hearth. The slag, being lighter than the 
molten iron, floats on its surface, and thus prevents oxidation 
of the i-ron by the oxidising action of the blast. 

CaCOa-CaO + COg 
Ca0 + Si0:4«=CaSi03 (slag). 

As the slag reaches a certain height, it runs out through 
-certain openings known as slag-holes ; the iron is run off at 
suitable intervals and allowed to flow into moulds of sand. 
Iron, thus obtained^ is known as pig iron or cast iron. 

When metallic iron is placed in a solution of copper sulpliate, 
metallic copper is thrown out of solution as a precipitate and 
iron passes into solution as ferrous sulphate. 

CuS 04 + Fe = FeS 04 +Cu. 

Q. 5. Alternative : 

Mercury is known io form two varieties of compounds. Give 
examples. Hoto would you distinguish between them ? Describe 
the preparation and ’properties of one compound of each type. 

Describe the action of nitric acid upon mercury, giving 
^equations, 

Ans. Mercury forms two series of compounds, viz., mercu- 
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rous and mercuric. Examples of mercurous compounds are 
mercurous chloride, Hg2Cl2, mercurous nitrate, •Hga{N03)2r 
mercurous sulphate, Hg3804 etc. 

Examples of mercuric compounds are mercuric chloride, 
HgCls, mercuric nitrate, HglNOaia, mercuric sulphate, HgbO* 
etc. 

Soluble mercurous and mercuric compounds can be differen¬ 
tiated by adding 

(1) Dil. HCl, when mercurous compounds will give*a whiter 
ppt. of mercurous chloride but mercuric compounds will yield 
no ppt. 

(2) NaOH solution, when mercurous compounds will give 
a grey ppt. of HgaO, whereas mercuric compounds will yield a 
yellow ppt. of HgO. 

(3) NHiOH, when mercurous compounds will give a black' 
ppt., whereas mercuric compounds will yield a white ppt. 

(4) KJ solution, when mercurous compounds will yield'a 
yellowish green ppt. of Hg2la> whereas mercuric * compounds 
will give a red ppt. of TTgl^, soluble in excess of KI solution 
yielding a colourless solution. 

(5) H2S, when mercurous compounds will give a black ppt. 
at once of HgS mixed with finely divided mercury, whereas 
mercuric compounds will at first give a white ppt. which 
gradually turns yellow, then brown and iinally black (HgS only 
is pptd.) 

N. B, Insoluble mercurous compounds like mercurous 
chloride is recognised by adding NH4OH to it, when it iurna 
immediately black. 

I 

One compound of mercurous mercury described here ia 
mercurous chloride. 

Mercurom chloride {Galcmel)t Hg2Cl2. is obtained as a curdy 
white precipitate when the solution of a soluble mercurous salt, 
say, of mercurous nitrate, is treated with HOl or with the 
solution of a chloride. 

Hg2(N08)2 + 2HC1 - HgaCla + 2HN08 
Hg alNOa) 2 + 2NaCl - Ug 2CI2 + 2NaN08. 

This substance is manufactured by heating an intimate 
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jniltur^ of mercuric chloride and mercury in an almost closed 
H^sCla sublimes off and condenses as a white cake in 
the upper cdqler part of the vessel. The sublimate is taken 
o|^tk and repeatedly boiled with water to free it completely from 
unchanged mercuric chloride, filtered and then dried. 

* HgOla+ Hg =*Hg2Cl2. 

Properties of mercurous chloride :—It is an amorphous white 
powder without any taste. It is insoluble in water and in dilute 
acids. It sul^limes without decomposition when heated. It 
•dissolves in aqua regia forming mercuric chloride. When 
treated with ammonia, it turns black due to the formation 
possibly of a mixture of finely divided mercury and amido- 
mercuric chloride, NHaHgCl. 

One compound .of mercuric mercury described here is 
mercuric chloride. 

Mercuric chloride {corrosive sublimate), HgCla, is prepared by 
heating a mixture of mercuric sulphate and common salt in 
long-necked flat-bottomed flasks on a sand-bath, 

HgS 04 + 2NaCl = HgCl 2 + NaaSO*. 

A little .MnO 3 is added to prevent reduction of HgCla formed to 
•calomel by organic matter. After the reaction is over, the 
flasks are cooled and these flasks are then broken and the cake 
of mercuric chloride is removed. It is then dissolved in water 
by heating and purified by recrystallisation from water solution. 

Properties of mercuric chloride :—It is a white crystalline 
solid, soluble in water, but more soluble in organic solvents like 
ether and alcohol. It is extremely poisonous. Albumen (white 
of eggs) forms an insoluble compound with it, and so it is used 
as an antidote against suspected mecuric chloride poisoning. 
Stannous chloride readily reduces mercuric chloride, first into 
mercurous chloride and then into metallic mercury, excess of 
'SnChj being used. 

2 HgCl 2 + SnCl 2 = Hg 2 CI 2 -h SnCl 4 
HgaCla + SnOlg = 2Hg + SnCl* 

It produces a white precipitate, called infusible ivhiie precipi^ 
tale (NHnHgGl)! with ammonia and it gives rise to a red 
precipitate of mercuric iodide with potassium iodide solution. 
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HgCl. + NH 3 = NHjHgCI + HCl 
HgCl, + 2 KI = HgI, + 2KC1. 

V 

Hot and concentrated nitric acid dissolves mercury 'with the 
formation of mercuric nitrate ; but cold and'dilute nitric* acid 
reacts with excess of mercury, forming mercurous nitrate. 

2 Hg + 6 HN 03 (hot and cone.) * 

= 2Hg(NO»)8 + NO + NOb + 3H ^0. ‘ 

BHg + SHNOa (cold and dilute) 

= 3Hg2(N03)B + 2 NO + 4H-bO» 


1955 

FIRST PAPER 

Q. 1. (<®) Giving chemical reactions and equations wherever 

necessaryy explain the following : 

(i) Solid dry quicklimey on being kept in air, becomes hoU 
■gradually crumbles into powder and increases in iceight. 

(ii) A dry and fine mixture of carbon, sulphur and potassium 
nitrate burns w-ith explosion. 

(iii) Luminous flame of Bunsen burner dej)osits soot on the 
surface of a porcelain basin if exposed to it. 

[b) State what happens lohen : 

{i) Sulphur dioxide gas is passed, through sodium' carbonate^ 
solution. 

{li) Dilute solutions of ammonium chloride and sodium nitrite 
are mixed together and gently warmed. 

^^ns. (a) (i) Dry quicklime absorbs moisture from air and 

is thereby converted into slaked lime. So a chemical reaction 
occurs between calcium oxide, OaO, which is called quicklime, 
.and water with the formation of calcium hydroxide, Ca( 0 H) 2 , 
which is called slaked lime, with the evolution* of heat. 

CaO + H20=Ca(OH)2. 

This chemical transformation makes solid quicklime to 
crumble to powder. Then the slaked lime produced absorbs 
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further carbon dioxide present in air with the formation of 
^alcium carbonate. 

' Ca(OH )2 + CO* - CaCOa + HaO. 


Calcium carbonate formation is also 
powdery nature of the final product. 


another cause of the 


Now in the reactions stated above water and carboD 
dioxiaq are added to calcium oxide and hence the lump of quick¬ 
lime increases in weight by exposure to air. 

(ii) The mixture is essentially gun powder. When ignited, 
both carbon and sulphur are oxidised by potassium nitrate with 
burning with evolution of carbon dioxide and sulphur dioxide as 
gas. The sudden deflagration of the mass due to quick oxidation 
is the cause of explosion. 

4KNOh + 28 + 6 C “ 2K28 + 600 2 + 2N2. 


(m'/'I Luminous fiamo of Bunsen burner is produced by the 
incomplete combustion of the decomiioaiton products of the 
hydrocarbons fed into the burner. So solid carbon particles are 
present in the luminous flame of the burner (in fact, the lumi¬ 
nosity of the flame is due to the presence of solid carbon particlea 
*in it.) 0*112 = 2 C + H 2 

2H2-1-02 = 2H20. 


With acetylene the above reactions take place in the flame. 
When a cold porcelain basin is held in the luminous flame, these 
unburnt carbon particles are dejiosited as soot on the cold 
surface of the porcelain basin. 

( 6 ) ('/) At first sodium sulphite is formed in solution with 

the evolution of carbon dioxide as gas. 

NaoOOs + SO2 = NaaSO:, + CO2. 

On further passage of sulphur dioxide through the solution, 
sodium sulphite is converted into sodium bisulphite which also 
remains in solution. 

Na2SO3+SO3 + HaO = 2NaHS0.v 
(ii) When a mixed solution of ammonium chloride and 
sodium nitrite is gently warmed, ammonium nitrite is first formed 
by double decomposition and then nitrogen gas is evolved ; due 
to the decomposition of ammonium nitrate formed. 

NH 4 CI + NaNOa = NaCl + NH^NOa 
NH4N02-N2-l-2Ha0. 
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Q. 2 . Describe^ with a neat sketch cf the apparatus uked^ the 
labcnatory 'method of preparation of sulphur dioxide. Give the 
tests which you would perform to demonstrate its principal 
properties. What is sulphurous acid ? Hoio can you pr^are it ? 

Ans. In the laboratory, sulphur dioxido^’is prepared in the 
following way :—Some copper turnings are^taken in A flask fitted 
with a thistle funnel and a delivery tube. Concentrated 
H 2 SO 4 L is poured down the thistle funnel till the end of the fun¬ 
nel remains dipped under the surface of the acid. The flask is 
then placed on a piece of wire gauze and heated till* the gas 
begins to be evolved. The source of heat is then removed and 
the gas is collected by the upward displacement of air. The gas 



Fig. 110 

is fairly dry and pure, but may be further di ied by passing 
through a wash bottle containing concentrated sulphuric acid 
and collected over mercury. 

Cu + 2 HaS 04 = OuSOa + 2H80 + SO*. 


32 
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Properties : 

(i) Sulphur dioxide neither burns nor ordinarily supports 
liombustioB. 

A lighted candle is introduced into a jar of sulphur dioxide. 
The candle flame is extinguished and the gas does not burn. 

(ii) Sjilpljur dioxide is readily soluble in water and the 

solution is acidic to litmus. 

* * * 

A flask is fitted with cork through which passes a glass 
-tube. The flask is dried and then filled with sulphur dioxide 
gas by upward displacement of air. Tho cork with the glass tube 
is then fitted in. • The flask is then inverted and the end of the 
glass tube is dipped into litnius solution contained in a beaker. 
The flask^is then cooled, when coloured water is found to rise in 
the glass tube. As soon as a drop of water reaches the top of 
theC glass tube, it dissolves the whole of sulphur dioxide present 
in the* flask. Coloured water then rushes up and enters the flask 
in the form of a fountain. The violet blue colour of the litmus 
solution turns red inside the flask, showing the acid nature of 
the solution. 

HaO + SOa^HaSOa. 

* Sulphurous acid. 

(Hi) Sulphur dioxide is a powerful reducing agent. 

Sulphur dioxide gas is passed through a yellow solution of 
ferpo chloride. The solution turns colourless or light green due 
to the reduction of ferric chloride to ferrous chloride. 

2F0CI3 + SOa + 2 H aO =* 2 FeCl 2 + H aS04 + 2 HCI. 

(iv) Sulphur dioxide is a good bleaching agent. 

Red flowers, moistened with water, are introduced into a jar 
of sulphur dioxide. The flowers are gradually decolorised. 

(t;) Sulphur dioxide behaves as an oxidising agent in certain 

^ CQfSOS* . 

■ Sulphur dioxide gas is passed into a solution of sulphuretted 
hydrogen. Sulphur is deposited from the oxidation of H2S as 
also from the reduction of SO 2 by HaS- 

S02 4 2H2S*2H2C + 3S. 

Sulphurous acid is an unstable dibasic acid, which is in a 



1966 ] 


INTBBMEDIATB GHEMISTBY 


499 


lower state of oxidation than sulphuric acid. It has not been 
isolated, but is produced only in aqueous solution. . 

It can be prepared by passing sulphur dioxide gae into wjbtfr 
and it smells of sulphur dioxide. 

HaO + SOfe-HsSOa. 

On boiling all the suiphur dioxide is expelled froi® solution. 

Q. 3. Assuming that granulated sine completely reacts with 
mlphunc acid, calculate the amount of the former (t.e., granulated 
ztnc) winch would give 1000 c.c. of dry Hydrogen at 30^C., and 
764 mm. pressure. ' : ' 

[Zn = 65'5, S^32, 0^16]. 

Ans, Let V c.c. be the volume of dry Hydrogen evolved at 
N.T.P., i.e., at 0 ®G. and 760 m.m. pressure. 

Then, by Boyle’s Law and Charles’ Law, tve have 
1000x764 7x760 

"273 + 30 "" 273 fO 
. loop X 764 X 273 

■ ‘ ^ 760 X 303 

= 8941 c.c. 


Now, from the equation 

Zn + H 2 SO 4 = ZnS 04 + Hg 
66’6 2 


We know that 65*6 grams of zinc, when reacted upon by 
sulphuric acid, gives rise to 2 grams of hydrogen. But 2 is the 
molecular weight of Hydrogen and so the Hydrogen evolved 
occupies 22*4 litres at N.T.P. since molecular weight of any gas, 
expressed in grams, occupies 22*4 litres at N.T.P. 


Hence in order to get 22*4 x 1000 or 22400 c.c. of Hydrogen 
at N.T.P., we require 66*5 grams of zinc, 

Therefore 894*1 c.c. of Hydrogen at N.T.P. can be obtained* 

, 66*6 

from the use of 22400^^ 894*1 grams or 2*614 grams of zinc. 


Q. 4. Describe the preparation of the following :— 

(a) Ferrous sulphate from waste liquor of Kipp's apparatus. 
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(6) Anhydrous hydroflouric add, starting from Caldum 
fluoride, ^ • 

ic) Soda^ash from sodium hicarbonaie. State their uses, 

AnsT^a) The waste liquor collecting at the bottom of 
Kipp’s apparatus in which is generated by the action of 
H 2 SO 4 on FeS contains FeSO^ solution, dissolved H 2 S and 
other impurities. It is taken out in a beaker, filtered into a 
wide porcelain basin and evaporated to crystallisation ; on 
cooling pale green crystals of hydrated ferrous sulphate, FeS 04 , 
7 H 2 O (known as green vitriol) separate out. These are filtered^ 
washed with a little cold water iii order to free it from adhering 
mother liquor and then dried. 

Uses. —It is used in the preparation of writing ink ; in the 
manufacture of jeweller's rouge ; in the dyeing industry and in 
medicine. 

* (/))" Powdered calcium fluoride is first mixed with cone. 

and the mixture placed in a lead retort which is heated 
gently on a sand-bath, llydrolluorio acid vapour is given off, 
which is absorbed in water contained in lead bottles. By thia 
means 40% solution of HF is obtained. 

CaFa + H 2 SO 4 + 2 I 1 F. 

The aqueous solution of HF thus obtained is divided into 
two parts. One part is neutralised with K.JCO 3 and to the 
neutralised solution the other part of the acid is added. The 
mixed solution is then evaporated in a platinum dish to crystal- 
lisation. On cooling, crystals of potassium hydrogen fluoride. 



Fig. Ill 

KF, HF, known as Fremy’s salt, separate out. These crystals 
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are collected and thoroughly dried. Perfectly dry potassium 
hydrogen fluoride is next taken in a platinum retort, connected 
to a platinum TJ-tube by means of a long platinum tube. The 
long platinum tube as also the platinum U-tube are kept immer¬ 
sed in freezing mixture of ice and salt. The platinum retort is 
then heated, when KHEg first melts and then decomposes, 
giving off HF as vapour, which^passes on and condense to a 
liquid in the platinum U“tube. 

. KHF, = KF + HF. 

The liquid HF is taken out in a dry beaker and two platinum 
wires carrying electric current by joining them to the two poles 
of a battery are dipped into the liquid. Any moisture present 
in the acid is removed by decomposition into hydrogen and 
oxygen, which are evolved away as gas. As soon as the acid 
becomes perfectly anhydrous, the flow of 'current stops. The 
wires are then removed and perfectly anhydrous hydrofluoric 
acid is obtained. 

Uses ,—Hydrofluoric acid is used for etching designs on glass. 
On account of its sterilising properties, it is used for sterilising 
casks of wines as also for destroying wild yeast in the brewing 
industry. It is also employed for removing silica from iron 
castings and as an analytical reagent in the laboratory. 

(c) When sodium bicarbonate is heated, soda-ash is 
produced. 

QNaHCOa = NaaCOg + CO 2 + HgO. 

Uses, —Soda-ash is used in the manufacture of glass and 
of caustic soda ; as a detergent (?.e., for washing dirty clothes) ; 
for removing permanent hardness in water and as a reagent in 
the laboratory. 

Q. 6. Hoio is distilled water prepared ? Give a sketch of the 
apparatus used ? How would you proceed to test its purity ? 

How can you distinguish it from ordinary drinking water ? 
Explain why in chemical laboj’atory solutions are always prepared 
loith distilled water, 

Ans. The process of distillation is carried out in the appara¬ 
tus arranged as shown in the figure (see Fig. 1*12). Filtered water 
is taken in the distilling flask. The side tube of the distilling 
flask is introduced through a cork into Liebig's condenser as 
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shown in the figure. Cold water enters the jacket by the lower 
side-tube and after circulating round the narrow inner tube, 
and getting heated in contact with steam passing through the 
Inner tube leaves, by the upper side-tube. The arrangement for 
.^his Cjpld .water .oirculatiou through the jacket is shown in the 
adjoinifig figure. A cleai^fiask (called a receiver) is placed at the- 
other end of the copdenser for collecting the condensed water. 
A theripometer is introduced into the distilling flask through 
*^a cork fitted to its ijeck. The-bulb of the thermometer is placed 
slightly below and nearly opposite to the side-tube of the- 



Fig. 112 


distilling flask as shown in the figure. The distilling flask con¬ 
taining water is then heated over a piece of wire gauze by 
means of a Bunsen flame, till the liquid in the flask boils. The 
vapour ®f water, given off during boiling, passes through the 
inner tube of the Liebig’s condenser and condenses back into 
liquid water there duo to the cooling action of cold water 
circulating through the jacket and collects inside the receiver 
after trickling down the inner tube. The water collecting .n 
the receiver is called the distillate. The thermometer indicates 
the boiling point of water, being the temperature of steam and 
.80 indicates the purity of the water vapour. 

The purity of water obtained by distillation can bo tested 
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by adding (1) silver nitrate solution, when there will be no 
opalescence due to precipitation of insoluble silver chloride which 
is produced with ordinary water due to the presen ce of dissolved 
chloride in it; (2) barium chloride solution, when*'there will be 
no cloudiness due to precipitation of insolable barium sulphate 
which is formed with ordinary water on iiccount of the presence 
of dissolved sulphate in it ; (3) Nessler’s solution (an alkaline 
solution of mercuric iodide in potassium iodide), when no colort.- 
tion will be produced, showing the absence of ammoniunf 
compounds in it ; ordinary water produces yellow .coloration 
with the reagent mentioned on account of ‘ the presanc§ of 
ammonium compounds derived from urtrogenous .organic 
compounds with which it comes in contact during itfs flow and 
which it dissolves on account of its solvent action ; (4) lime 
water when no turbidity is produced showing the .absence of 
dissolved CO 2 , bicarbonatos of Oa and Mg-and soluble carbonates. 
The physical tests may also be applied to show -the- purity of 
distilled water, viz., it is colourless, neutral to -litmus, freezes 
at 0®C., and boils at lOO^C., under 760 mm. pressure. 

Ordinary drinking water contains dissolved air and also 
dissolved salts and the reagents mentioned above will show the 
presence of chloride) sulphate, ammonium salts and carbonates 
and bicarbonates to be present in it. Distilled water is insipid 
to taste whereas drinking water possesses a pleasant taste diie 
to the presence of dissolved salts (in traces) mentioned and 
dissolved air in it. In Chemical laboratory distilled water is 
used for preparing solutions of reagents on account of the fact 
that foreign materials should be absent from their solutions in.' 
order that desired reactions can be correctly observed ancf be not 
vitiated by the presence of foreign matter. Besides in some 
cases due to doulde decomposition occurring between dissolved 
materials in ordinary water and the reagent, clear solution 
cannot be obtained, for example, silver nitrate does not give a 
clear solution with ordinary tap water due to the presence of 
chloride in that water. Hence the necessity of using distilled 
water in preparing the solution of silver nitrate in the laboratory. 
Such is the case with other reagents also. 

Q. 6. A weighed quantity of ammonium chloride tvas boiled 
with an excess of strong caustic soda solution and the liherdted 
gas was absorbed by IGO c.c. of a solution containing 4'0 gm. of 
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; part of the acid was thus neutralised and the excess 
acid could he neutralised by 50 c.c. of sodium carbonate solution 
containing 2'26 gm. of Na^COa. Calculate the amount of 
ammonium chlorjde originally taken. 

[N=U» Krl. Ch^'35'5, Na=>23, C^12, S=>32, 0=^16.} 

Ans. From* the equation • 

£[2604 +.Na2C03 =Na2S04 + CO2 + H2O 
98 106 

we know that 106* grama of Na^COs react with 98 grams of 
H 2 SO 4 . Since the remaining H 2 SO 4 after reaction with 
ammonia .evolved reacts with 2'65 grams of Na 2 C 0 s, therefore 
the amount of H 2 SO 4 left over 
•06 


_ 98 2' 

~ w ^. 


4'90 


grams, or gms. or 2*46 gms. 


Therefore H 2 SO 4 used up by ammonia evolved = (4*9 - 2*46) 
' or 2*45 grams. 

Now from the equations 

NH 4 CI + NaOH = NaCl + NH 3 + H 2 O 
63*6 17 

and 2 NH 3 +H 2 S 04 «(NH 4 ) 2 S 04 
2 X 17 98 

We find that 98 grams of H 2 SO 4 can react with 2^17 
grams of NH 3 which can be obtained from 2 x 53*6 gms. of 
ammonium chloride. 

Therefore 98 grams of H 2804 = 2 x 53*5 grams of NHiCl. 
Hence 2*46 grams of H 2 S 04 =^^P-- x grams of 


40 NH4C1.s2’676 

*20 grams of NH 4 CI. 

Therefore amount of ammonium chloride originally taken — 
2*675 grams. 

N. B. The sum is on acidimetry and alkalimetry, which 
is included in the revised syllabus circulated in Paper II. Yet 
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it; ia set in Paper I due to oversight on the part of the Paper- 
settfer. Hence it is worked out here on the weight basis. 
Evidently, both HaSO* solution and NaaGOs solution are 
Normal in character. Therefore 50 c.c. of (N)' H2BO4. are 
used up to neutralise ammonia evdfved from, ammonium 
•chloride. From the equations written, above, it is evident that 

1000 0. c. (N) HaSO*s53'6 grams NII4CI. . 

50 c.c. (N)H,SO,3 ®^^^x50 ■„ 

= 2‘676 grams 

Q. 7. How can you prove that the moleculan' formula of 
sulphuretted hydrogen is H^S ? 

Ans. A thumb-tube is filled with mercury completely and 
inverted over mercury in a trough. A few. c.c. of sulphuretted 
hydrogen is introduced into the tube. The volume' is carefully 
marked by means of a rubber ring. A piece of metallic tin is 
introduced into the horizontal part of the tube and it is heated 
l)y a burner. Tin combines with the sulphur of sulphuretted- 
hydrogen forming tin sulphide and liberating hydrogen. After 
allowing the tube to cool to the ordinary temperature, the 
mercury is found to stand at the same level as befoife. The 
residual gas can be proved to be hydrogen. Hence the volume 
of hydrogen liberted is equal to the volume of sulphuretted 
hydrogen decomposed, or sulphuretted hydrogen contains its 
own volume of hydrogen. 

From the result given, it is 
inferred that hydrogen sulphide 
contains its own volume of hydro¬ 
gen. Let “n" be the number of 
molecules present in 1 vol. of hydro¬ 
gen sulphide. 

Then, since 1 vol. of hydrogen 
sulphide contains 1 vol. of hydro¬ 
gen, therefore molecules of 

hydrogen sulphide contain 
molecules of hydrogen. (Avogadro’s 
hypothesis). Hence, 1 molecule of hydrogen sulphide contains 
1 molecule, or 2 atoms of hydrogen, since hydrogen molecule is 



Fig. 113 
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diatomic. (Deduction from Avogadro’s hypothesis). Thus the^ 
formula for hydrogen sulphide is H sSx. where x is an integer. 
Now since the density of hydrpgen 8u^)hide is given to he 17» 
its molecular weight is 2 x 17 = 34 (Deduction from Avogadro's- 
hypothesis)! 

I 

Therefore 

2 X1 + 32 X aj^34 
or 32 X,a; *=32 * 

* a?=* 1 

Thus, the formula for hydrogen sulphide is HoS. 

Q. 8. Wri}& what you Icnow about 

(rtj LqiIO, of Multiple proportions^ 

[b]* Dissociation,' 

ic) Catalytic agent. 

Ans. (a) Law of multiple proportions is stated as follows :— 

When one element combines with ayiother element to form two 
or mere different compiounds, the weights of one of the elements 
combining with a coyistant weight of the other, bear a simple ratio 
to one another. 

The expression simple ratio mes,iiQ that ratio can be expressed 
by simple whole numbers. 

Examples. • (1) There are two oxides of hydrogen known, 
viz.,'Water and hydrogen peroxide. 

In water, 1 part by weight of hydrogen is found to have 
combined witli 8 parts by weight of oxygen. In hydrogen 
peroxide, 1 part by weight of hydrogen is chemically combined 
with 16 parts by weight of oxygen. Thus, the weights of 
oxygen, viz. 8 and 16, which unite in these cases, with the 
same weight of hydrogen, viz. 1, bear to each other the ratio 
8 : 16 or 1 : 2, which is a simple ratio. 

(2) Similarly, carbon and oxygen combine together to give 
two oxides, viz. carbon monoxide and carbon dioxide. 

In Carbon monoxide 

12 parts by weight of carbon has combined with 16 parts by 
weight of oxygen. 

In Carbon dioxide 
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12 parts by weight of carbon has combined with 32< parts by 
weight of oxygen. 

Therefore, the weights of ox^en, viz. 16 and 92f which* 
combine with a constant weight of carhop, viz. 1*2, are in the 
ratio of 16 : 32, as 1 : 2, which is a simple ratio. 

The law of Multiple proportions cap be deduced from Dalton’s- 
Atomic theory. 

The fundamental postulates of Dalton’s Atomic theory are : 

(/) Matter is composed of minute indivisible particles called 
atoms, which can neither be created nor destroyed by any 
chemical process. • ’ • ■ ' • 

(«i) Atoms of the same element are similar ir\ properties* in* 
all respects and are equal in weight. 

(Hi) Atoms of different elements have different ‘properties 
and different weights. 

(iv) Chemical combination between two or more elemehts 
takes place by the union or juxtaposition of the atoms of those 
elements in simple numerical proportions, viz, 1 : 1, 1 : 2, 2 : 1» 
or 2 : 3, etc. 

(^;) The combining weights of the elements represent the 
combining weights of the atoms of different elements concerned. 

In explaining the law of multiple proportions from the 
postulates of Dalton’s atomic theory, let us assume that two-’ 
elements A and B combine together to give more than two 
different compounds. Let us also assume that the ‘simplest 
compound formed from A and B contains 1 atom of A and 1 
atom of B, so that its formula is AB. Since atoms are indivi¬ 
sible and compounds are formed by the union of atoms in 
simple numerical proportions, 1 or more atoms of A will now 
combine with 2 or more atoms of B to give the other compounds 
of A and B. Let the formula for another compound of A and 
B be AB^ and yet a third compound of A and B is found whoso 
formula is A^B^- Let us assume that the atomic weights of 
A and B hv m and n respectively. Then wc find that 

(*) In the first compound AB, 

n parts by weight of B have combined with m parts by 
weight of A. 
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(h) In the second compound AB^i 

2» parts by weight of B have combined with m parts by 
'Weight of A, ^ • 

i.e., n parts by weight of B have combined with part by 
' 2 

weight of A, 

(iu) In the compound .-42^3, 

Sn parts by weight of B have combined with 2 m parts by 
weight of il. ■ . 

i.e., n parts by weight* of B have combined with — part by 

• 3 

weight of A* 

Therefore, the weights of A which combine with a constant 


weight of B, viz. », are as m : 


m . 2m 


, or as 1 : J : f, or as 


*6:3: 4, which'is a simple ratio. Hence it is seen that the law 
of multiple proportions follows as a necessary corollary from 
Dalton’s Atomic theory. 

{b) When a chemical compound decomposes under the 
influence of heat and the products are capable of recombining to 
form the original compound under exactly the same conditionj 
the process is said to be one of dissociation. 

Thus, when ammonium chloride, NH+Cl, is heated in a 
closed vessel, it breaks up into NHs and HOI but NH3 and 
HCl recombine to form NH4OI under similar conditions until a 
•dynamic equilibrium is set up> 


NH.Cl'^NHs+HCl 


Similarlyt in case of PCI 5, 

poi.;^pc)»+01. 

or, of I4, 1.^1 +1 

This phenomenon is also called thermal dissociation. 

There is another type of dissociation called electrolytic 
dissociation. 
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When acids, bases and salts are dissolved fn water, they 
are said to break down into electrically charged ^ particles called 
ions. This breaking up into electrically charged particles of the 
above class of substances on being dissolved.in water is known 
as ionisation. This is a reversible phenomenon. 

Thus, nitric acid in water solution'is stated to break up as* 
follows ;— 

HNOs^H^ + NOb* 

Also KOH^K+ + OH- 

NaCl“Na+ + Cr 
Na2S04?^2Na^+S04" 

The breaking down into ions and recombination of ions to 
form undissocialed compound go on simultaneously until an 
equilibrium condition is set up, but water being Removed the 
unionised compound is got back. This phenomenon is also called 
eleeirolytic dissociation, 

(e) Catalytic agent —When a substance, by its mere presence, 
in small quantities, influences the rate of a chemical reaction, 
without itself undergoing any change in mass and in chemical 
composition, it is called a catalytic agent. 

Thus, in the preparation of oxygen from KClOs, MnOji is 
added to hasten the rate of decomposition of KCIO 3 by beat. 
Here, MnO^ acts as a catalytic agent because it does not under- 
go any alteration in mass or in chemical composition during 
the reaction as shown by experiments after the decomposition 
of KCIO 3 is complete by dissolving out the KOI formed by water. 
Catalytic agents act mostly as contact agents, e.g., platinised 
asbestos used as a catalytic agent in the conversion of a mixture 
of BOa and Oa into SO 3 at 450‘*G. In some cases catalytic agents 
are stated to take part in the reaction and then to be regenerated. 

Second Paper 

» 

Q. 1. How is methane usually prepared and collected ? What 
happens when it is (a) led ouer red-hot cupric oxide, ( 6 ) burnt in an 
atmosphere of chlorine ? How would you distinguish between 
methane and a mixture of ethylene with twice its volume of 
hydrogen. 
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Ans. Metihane is usually prepared by heating fused sodium 
acetate with soda lime in a hard glass tube. 

\ pH;COONa + NaOH=CH 4 +Na 2 COs. 

0 4 

The gas is collected by displacement of water. 

(a) ,WKeti .ihethane .is passed ever red-hot cupric oxide, 
■^.upric’ oxide is reduced to metallic copper, and carbon dioxide 
and watfer q,re produced from the oxidation of methane. 

40 u 0 + CH‘4 «= 4 Cu + CO 2 -I- 2 H aO. 

,(5) -When'methane is burnt in an atmosphere of chlorine, 
carbon separates in the form of soot and fumes of hydrogen 
.chloride aj*e evolved. 

C1I4 + 2C12-C + 4HCI. 

• Methane and a mixture of ethylene with twdco its volume of 
^hydrogen can be distinguished by the following tests :— 

(a) When a lighted taper is applied to both of them, methane 
hums with a scarcely-visible blue flame, whereas the mixture of 
ethylene and hydrogen will burn with a luminous flame. 

(^*) , Bromine-water is added to jars containing methane and 
mixture of ethylene and hydrogen. Methane does not react with 
l)romine, but in the mixture bromine-water is decolorised. 

(c) Two jars, one containing methane and the other 
•containing the mixture of ethylene and hydrogen, are inverted 
over cone. H 2 SO 4 after a few c.c. of fuming sulphuric acid 
.are added to the jars and the jars shaken thoroughly. 
Concentrated H 2 SO 4 rises in the jar in which the mixture of 
ethylene and hydrogen is present, since ethylene is absorbed 
'by fuming sulphuric acid, but methane is not absorbed. If 
the volume of the gas in the jar containing the mixture of 1 vol. 
of ethylene and 2 vols. of hydrogen bo divided into three 
equal parts by two rubber bands, then cone* H 2 SO 4 will rise 
nearly upto the first rubber band. On making the level of 
sulphuric acid inside and outside the same jar, the sulphuric acid 
level will stand exactly at the first rubber band from the bottom. 
Thus out of 3 vols., 2 vols, of gas are left unabsorbed and this 
unabsorbed gas can be proved by usual tests to be hydrogen. 

Q. 2. Eosplain with equations what happens when :— 

(a) cor»centrated sulphuric acid is heated with sodium iodide ; 
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(b) red phosphorus is boiled with nitric add r 

(c) burning magnesium is put into a jar of carbon dioxide ; 

id) ammonium nitrate is heated ; • 

(e) hyd'f^en peroxide reacts with ozone, 

Ansy^^) When concentrated sulphuric acid is* heated with 
sodium iodide, hydriodic acid that is fii'stjiberated froQi. sodium 
iodide reduces sulphuric acid first to sulphur dioxide, the^i to 
sulphur and finally to sulphuretted hydrogen ; * itself being 
oxidised to iodine which is evolved as -violet vapour. 

Nal + H 2 SO 4 = NaHS 04 + HI 
HaSO* + 2HI - SOa +13 + 2HaO 
H aS04 + 6HI = S + 3 I 2 + 4H 2 O 
HaS 04 + 8 HI«H 38 + 4H20 + 4l2. 

(b) Phosphorus is oxidised to phosphoric acid and nitric acid 
is reduced to oxides of nitrogen. 

4P + lOHNOs + HaO - 4 H 3 PO 4 + 5NO + 6NOa. 

( 0 ) Magnesium continues to burn and is oxidised by oxygen 
•of carbon dioxide to magnesium oxide and carbon separates’ in 
the form of soot. 

2Mg + COa“2MgO + a 

{d) Ammonium nitrate decomposes with evolution of nitrous 
oxide as gas and water as steam. 

NH 4 N 03 «Na 0 + 2 Ha 0 . 

[e) Oxygen is evolved, mutual reduction of ozone and 
(hydrogen peroxide taking place. 

Os+H 2 O 2 ~H 20 + 202 , 

Two atoms of loosely bound oxygen, one each from O 3 and 
HaOa* are set free and combine to form a molecule of oxygen. 

Q. 2. Alternative. 

Describe the preparation and lises of the following :— 

(a) potassium chlorate ; 

(b) bleaching powder j 

(c) borax ; 

(d) calomel; 

(e) anhydrous aluminium chloride, 

Ans. {a) Potassium chlorate —Potassium chlorate is now*a* 



512 


[1965 


C. U. QUESTIONS WITH ANSWERS ON 

days prepared dn« an industrial scale by the electrolysis of an 
aqueous solution potassium chloride, KCl, at 80“—OO^C., the 
cathode ^nd anode beinf; kept in the same compartment. 

t The apparatus consists of a lead-lfned wooden vessel provided 
jyith mqahailical stirrers, in which a cone, solution of KCl 
containing a little amount of HCl is taken. The anode is made 

platinuta-rridiura^ alloy, while the cathode is of iron or 
graphite. ' A little quantity of K 2 Cr 207 is added to the solution 
rn order to* prevent the cathodic reduction of KCIO 3 produced, 
Electric*current is passed in, when KCl is decomposed. Pota¬ 
ssium, liberated at the cathode, reacts with water of the solution, 
gi*ring KOH and evolving Ha which escapes as gas, CI 2 ia 
liberated at the anode. The temperature of the solution rises 
spontaneously which is maintained at about 80 —90®C, Chlorine, 
liberated at tlie anode, now reaCuS with hot and cono. KOH 
sol., giving KCIO 3 and KCl. (JKOH + 3C1. ==KC 103 + 6KC1+ 
3 H 2 O. The solution is rnn out and crystallised when KC10;i 
crystallises out anfl the motlior liquor containing KCl used again. 

Uses of potassium chlonife —KClO-j is used in match industry, 
in pyrotechny, as a germicide and for the preparation of oxygen 
a^nd potassium perchlorate. 

( 6 ) BlGarJi'inff powder -—Dry slaked JiniOi Cd( 0 H) 2 , is spread 
' on the'floor of a load chamber, provided with glass door and' 
windows and a fan arrangement for dusting in lime. Ghloidne, 
free from CO 2 and HCl, is led in by a pipe near the top. The 
temperature is not allowed to rise above 40“C and the mass is 
• left in that condition for about 24 hours. In the meantime lime 
is turned over with wooden rakes from time to time to expose 
fresh surface to the action of the gas. When the absorption of 
' chlorine is complete, some lime is sprayed into the chamber with 
the help of the fan arrangement to get rid of the excess of 
chlorine. Bleaching powder is then removed by workmen and 
put into barrels. 

Ca(OH) 2 + Cl 2 « Ca(OCl)Cl + H aO. 

Uses ,—Bleaching powder is used as a bleaching agent and as 
a disinfectant. 

(c) Borax, NaaB^OT, lOHaO. 

Preparniien—Borax is now-a-days exclusively prepared from 
naturally occurring calcium borates. Powdered colemanite. 
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OaaBeOii, is boiled with NagCOa solution when insoluble 
GaCOa precipitates out. It is filtered and tha filtrate evaporated 
to crystallisation and crystals separected by filtration. 

OagBoOii + 2 Na 2 C 03 —QCaOOa + NaaB 407 H-SNaBOg 

The mother liquor is afterwards treated with COg whereJiy 
further quantity of borax can be obtained from it by oonceqtr^- 
tion and crystallisation. 

4NaB02 + OO 3 ~ Na3B407 + NagGOa. 

Uses* —Borax is used (i) in the manufacture of glass, enamel#, 
glazes, soaps, etc. (ii) in medicine, (iii) in laundry, (iv)* as a 
flux and (v) in soldering. : * ^ ‘ ^ 

(d) Mercurous chlor'ide (calomel), HggOlg,* is obtained as a . 
curdy white precipitate when the solution of a soluble mercur¬ 
ous salt is treated with HOI or with the solution of a .chloride* 

+21101 ^HgaClg +2HN08 

Hg»(N 03 >a+ 2 NaCl==ng 20 l 2 + 2NaN0a. ■ . 

This substance is manufactured by heating aii intimate 
mixture of mercuric chloride and mercury in an almost closed 
vessel. HgaCla sublimes ofT and condenses as a white cake in 
the upper i)art of the vessel. The sublimate is taken out and 
repeatedly boiled with water to free it completely from unchang¬ 
ed mercuric chloride, filtered and then dried. 

Hg0l2 + Hg=Hg.,0l2. 

Use of calomel .—Calomel or mercurous chloride is used in 
medicine as a purgative. 

( 0 ) Anhydrous aluminium chloride :—When chlorine is passed 
over a mixture of aluminium oxide and coke in a hard glass 
tube, anhydrous aluminium chloride is formed and volatilised. • 
By condensing the vapour in a dry flask closed with a cork and 
passing the exit tube from the hard glass tube of reaction through 
the cork into the flask, an exit tube being also fitted through the 
cork fixed to the mouth of the flask, 

Al 203 + 3C + 80l2=2AlCl8+300. •• 

Uses. —Anhydrous aluminium chloride is used in the synthesis 
of organic compounds and in the petroleum industry. 

Q. 3. What are the principal ores of copper ? Describe anj 
33 
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Vne process for the extraction of copper from its ores. Write 
equations. State the uses of copper, 

Ans. Names and compositions of principal ores of copper ; 

Kuby ore—^ 0 u 20 

Copper glance—CU 2 S 

Covfellito or indigo copper—CuS 

Copper Pyrites—C 112 S, Fe 2 S 3 or CuFeS 2 

Purple copper ore— 3 CU 2 S, Fe 2 Sa or CusFeSs 

Malachite—^CuCOs / Cu(OH) a 

Afcurite—2 Cu 008, Cu(01i)2 

Extraction of copper from its ores. —The method of extraction 
of copper depends on the nature of the ore. Copper pyrites 
is most frequently used, but the oxide or the carbonate ore of 
copper can also be utilised for the purpose. In such cases the 
ore is first subjected to calcination, whereby oxide of copper 
is formed. 

. CuC08.Cu(0 H)2 = 2 Gu0 +C02+H20 

* The oxide of copper is then mixed with anthracite or coke 
and a little sand (sand being added to act as a flux), and the 
mixture is heated strongly in a blast furnace whereby the oxide 
is reduced to the metal. 

CU 2 O + C- 2 CU + CO 
CuO + C = Cn + CO 
Cu0 + C0 = Cu + C02 

• The flux combines with the gangue and forms a slag. The 
molten slag is run off and copper produced is taken out. 

Fro^n copper pyrites. — Copper is extracted by a thermal 
process by the following operation :— 

At first the ore is concentrated either by gravity separation 
or by Floatation process. For this purpose the ore is first 
crushed and finely powdered. The powdered ore is next churned 
with water containing a little pine oil and lime, by blowing air 
through it. By this operation a froth is produced which 
carries up along with it the particles of Cu-ore, leaving sand 
and other impurities behind. The froth is collected by skim¬ 
ming and allowed to settle. 

The concentrated ore is next roasted in a multiple hearth 
furnace, whereby excess of sulphur present is burnt out to SO 2 
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and the metals, viz., Fe preaent’in pyrites and*Cu are partially 
oxidised. 


CugS, FeaS3 + 02=CI\i2S + 2FeS + S0a 
CugS. Fe^Sa + 40e -= CuzS + 2FeO + SSOj 
QOnay + 3O2 == 2 CusO + 2SO2, 

this last reaction occurring only to a very small extent. 

( 3 ) The roasted ore is next mixed with coke, sand (or slag 
from subsequent operations) and a little quantity of lime: and the 
mixture heated in a water-jacketed blast furnace when the*little 
quantity of CuaO formed in the previous operation 'reacts with 
the unchanged iron sulphide giving OuaS and FeO. 

Cu20 + FeS = Gu8S + Fe0.* ‘ ' 

The ferrous oxide so formed and also produced during roast¬ 
ing operation reacts with sand or silica, giving-a Slag of ferrous' 
silicate, FeO +SiOa'^“FeSiOs. The slag is removed and the 

residue obtained consisting of cuprous and ferrous sulphide is 
known as matte. i ' 

(4) The molten matte, mixed with a little sand, is then 

directly run into a converter of the Bessemer type, but with 
this dilferenoe that the air-ports are situated a little above the 
bottom level. A. blast of air is next introduced through the air- 
tjorts. Iron is first oxidised to ferrous oxide, FeO, which com¬ 
bines with the silica forming a slag of ferrous silicate as before. 
The slag is removed and the blast continued, whereby OuaS is 
partially oxidised to CuaO. When two-thirds of the matte is 
thus oxidised OugO reacts with unchanged CuaS, giving, rise to 
metallic copper and sulphur dioxide. The slag is removed, the 

blast is stopped and the converter tilted to pour off molten 

copper. This copper, on cooling, is found to have a blistered 

appearance due to escape of sulphur dioxide and is known as’ 
^'blistered copper*'. 

2CU2S + 80 a “ SCuaO + 2SO2 

CUaS + 2 CU 2 O = 6 Cu + 8 O 2 

( 5 ) Blistered copper is now-a-days refined by an electrolytic 
method. 

Thick blocks are made from blistered copper and are sus¬ 
pended from a m etal rod into a bath of copper sulphate solution, 
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acidified with 15% of* sufphnric acid, and contained in a lead- 
lined wooden vat. The metal rod carrying these thick slabs is 
• connected to the positi^ pole of a battery and is thus made the 



anodesi Thin plates of pure copper are suspended in the same 
bath from another metal rod which in its turn is connected to 
the negative pole of tlio same battery and is thus made the 
cathodes. Those thin plates are so arranged that they are 
alternately inserted between the thick blocks. On passing electric 
current through the bath of copper sulphate, copper from the 
thick slabs passes into solution as cupric ions and pure copper 
is deposited from the bath on the pure copper sheets serving as 
cathodes. Impurities present either pass into solution or are depo¬ 
sited at the bottom of the bath near the anodes as anode mud. 
Copper, thus obtained as a deposit on the cathode, is 99*99 per 
ceut. pure. 

Uses of Copper : Copper is used largely in electric industry-— 
in electrotyping, for cables and wires for conveying electric 
current ; in the preparation of household utensils, for coinage 
and for the preparation of important alloys, like brass, bronze, 
German silver, etc. 

Q. 3. Alternative. 

Give the names and fcyrymlae of the oxides of lead and state 
their preparation ajid uses. 

How is lead extracted from galena 9 
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Ans. Four oxides of lead are important :— 

(1) Lead monoxide, commercially known as massicot ahd 
litharge, PbO. 

(2) Lead sesq^ttioxide^ Pb208. 

(3) Bed lead, called also minium, PhsO^* • 

(3) Lead dioxide or lead peroxide, PbO^'. ' 

(1) Massicot is a yellow powder,*obtained by healing lead, 
lead nitrate, or load carbonate in air. It is obtained as a by¬ 
product during the cupellation operation performed on argenti¬ 
ferous lead. 

2Pb(N03)2 = 2PbO + 4 NO 2 + Oa, 

When massicot is heated, it melts and the molten 'mass on 
cooling forms the buff-coloured crystalline variety, called 
litharge. 

CTses.—It is used in making flint glass, in glazing stoneware 
and earthenware articles ; in the preparation of lead salts and 
in making paints and varnishes. 

( 2 ) Jjcnd sesquioxide, PbaOa, is prepared by adding sodium 
hypochlorite or H 2 O 2 to a cold solution of lead monoxide in ‘ 
NaOH solution. 

• 

2Pb H- SNaOCl = Pb 203 + 3NaCl. It has practically no nse. 

(3) lied lead is manufactured from lead. First metallic 
lead is heated in a current of air, when it is converted into PbO. 
This PbO is removed from the furnace and hammered, when any 
particle of unoxidised lead is flattened out. Powdery PbO is 
then removed by sieving. Finely powdered PhO is then heated 
in a barrel-shaped vessel, open at both ends, in excess of air at 
40Q"0. foi' 48 hours, whereby red lead is formed. It is removed, 
washed and dried. 

6 Pb + 302«6Pb0 
GPbO + Oa-SPbsO* 

Uses. —It is used as a paint along with linsefed oil. It is also 
employed in the manufacture of dint glass and of matches* 

(4) Lead dioxide is prepared by treating red lead with cone. 
HNOj in the cold* Solution of lead nitrate is formed along with 
insoluble lead dioxide. Water is added to dilute the solution 
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and then the mixture is filtered. The residue of Pb02 is washed 
and dried. 

Pha04 + 4 HNO 3 «2Pb(N08)2 +PbOa + 2 H 2 O. 

♦ Uses ,—Lead dioxide is used in storage cells, in the manu- 

.faoture of matches and as an oxidising agent in the laboratory. 

Lead is extracted from galena nowa-days by the carbon- 
reduction process carried out in a blast furnace. 

(i) The* ore galena, PbS, is first crushed into fine powder. 
The powdered ore is next mixed with water, a little pine oil, 
and a frothing agent like xantliate. Air is then blown through it, 
whereby froth is produced in large quantities. Galena is 
preferentially wetted by oil and rises up with the froth. The 
worthless impuritirs like silica get wetted by water and sink 
down. The froth is skimmed off and collected. The ore is thus 
concentrated. 

' (i^) The concentrated ore is next sintered in a pot, mounted 

on .trunnions and provided with a hood for collecting fumes. 
The powder6)d ore, after drying, is mixed with coke and lime and 
fed into the pot which has a fire on a grating beneath. A slow 
blast of air is passed through the bottom. Sulphur present in 
galena burns out to SO 2 which escapes as gas and lead oxide 
is produced. The ore by this operation agglomerates into a 
compact porous cake of mostly PbO, 

2PbS + 3 O 2 = 2PbO + 2 SO 2 . 

{Hi) The sintered mass is broken up into lumps of proper 
size and fed into a small blast furnace which is water-jacketed 
upto the top, together with coke, limestone and iron ore through 
a charging pipe in such a way that the charge settles just beneath 
the waste-gas outlet. A blast of air is admitted through tuyeres 
set near the bottom. At first PbO is reduced by carbon present 
in the charge. 

Pb0 + 0«Pb + C0. 

The carbon monoxide formed then reduces PbO to metallic 

lead. 

PbO + CO-Pb + COa. 

Any unchanged lead sulphide reacts with lead oxide produc¬ 
ing metallic lead. 


PbS + 2PbO = 3Pb + SOa. 
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The iron ore added reacts with unchanged lead sulphide 
producing metallic lead and ferrous sulphide. 

2PbS + PeaOs + 30 •= 2Pb + 2Pe8 + 3C0. 

The iron sulphide so formed passes into the slag consisting 
of calcium silicate and ferrous silicate formed in the following 
way :— 

Oa003“0a0+.C02 
0aO + SiOa«CaSiO8 
Fe aOs + CO = 2FeO + COa 
FeO + SiOa^FeSiOa. 

The molten slag and the molten lead are drawn off through 
separate tap-holes provided at the bottom of the furnace. 

Q. 4. Describe briefly the manufacture' of coal qas.^Mention 
four important byproducts ayid give some account of the uses to 
which they are put, ; . • ■ 

Ans. Coal gas is the gaseous product obtained by subjecting 
soft coal to destructive distillation. It is a mixture of several 


Washer* 



Fig. 115 

viz,, Hydrogen, Nitrogen, Marsh gas (CHj, Ethylene 
(CaHj, Acetylene (OgHa), Benzene vapour fOerio), carbon mon¬ 
oxide (00), Carbon dioxide (COa), etc. 

Bituminous or soft coal is heated in -shaped fire-clay 
retorts, which are fired by the furnace below. The volatile 
products given off pass up the exit pipes called ascension pipes 
over the retorts. These pipes at the other end are in comuni- 
oation with the hydraulic main where the gas is partially cooled 
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and some* tar and, water condense. From the hydraulic main 
the hot gases pass into a series of iron pipes, called 
Here the gases are further cooled, and more tar is condensed and 
run into tar^weU, The liquid in the tar-well separates into two 
layers— the upper layer is mainly a solution of Ammonia and 
Ammonium salts in water and is called gas-liquor or Ammoniacal 
liquor ; the lower layer is called gas-tar or coal-tar. Next the 
gases are drawn out of the condensers by means of pumps and 
Bre * forced up a tower filled with coke—called scrubber —down 
f^hish cold water trickles. All traces of ammonia are removed 
in this way. The gases are next passed through a purifier which 
is an iron tank containing slaked lime, Oa(OH) 2 , in which CO 2 . 
HfiS and other sulphur compounds are absorbed. 

4 Ca(0H)2 + 2H 28 «Oa(HS )2 + SHaO 

Oa(OH )2 + OO 2 « CaCOs + H 2 O. 

A furtlier purification is effected by passing the gases 
through another purifier containing hydrated oxide of iron which 
takes up the last traces of 11 2 S and cyanogen : 

2 Fe(OH) 3 + 3H 2 S = Fe 2 8 3 + 6H 2 0. 

.Thus purified coal gas is stored over water in big gas-holders. 

The most important bye-products of coal-gas manufacture 
are (l) Gas carbon, (2) Ammoniacal liquor, (3) Gas lime, ( 4 ) Coke 
(5) Coal-tar, (6) Spent iron oxide. 

Coal-tar is used for preserving timber, and making tarred 
paper. Ammonicbcal liquor is used as a source of ammonia and 
for the preparation of ammonium sulphate which is used as a 
fertiliser. Gas hme is used as a manure. Coke is used as a 
fuel and in metallurgy as a reducing agent. Gas carbon is used 
in electric cells, and in Arc lamps, tron oxide is some¬ 

times used for the manufacture of ferro-cyanides, and for 
generating 8 O 2 used in the manufacture of H2SO4. 

Q. 4. Alternative. 

How does silica occur in nature ? What are its uses ? How 
would you prevare silicon from silica ? Write what you know 
about the allotropic modifications of silicon* 

Ans. Occurrence of silica —8ilica or sand is widely distributed 
in nature both in the crystalline and amorphous forms. It is 
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present in the crystalline condition as quartz, or rock-erystal 
and also as tridymite and as crystobalite. Many specimens of 
quartz show beautiful colours and are prized as fjems. For 
example, amechyst is quartz coloured purple by manganese oxide. 
Silica also occurs in the amorphous state as opal, flint.odd Agate. 

Silica 


Crystalline Amorphous 


Quartz Tridymite Crystobalite Opal Flint • Agate 


I f I 

Sand Amethyst Cat’s Eye. 

Uses of silica -(1) Quartz is used in galvanometers and 
other electrical instruments j in the manufacture of chemical 
apparatus ; and as gems. 

( 2 ) Sand is used as a building material, in the manufacture 
of glass, porcelain, etc. 

(B) Agate is used for making “agate mortars" and for 
making agate knife-edges for chemical balances. It is also used 
in making of watches. 

(4) Amethyst is used as a gem. 

Erctracfion of silicon from silica :—In the laboratory, silicon 
is most conveniently obtained from silica by heating it with 
magnesium powder. 

Si02 + 2Mg==2Mg0 + Si. 

After cooling, the magnesia is dissolved out by HCl and the 
silicon washed in a Pt-dish with HF and H 2 SO 4 to remove any 
unchanged silica. 

In industrial practice silicon is produced from silica at 
Niagra by heating a mixture of Sand and crushed coke in an 
electric furance, when silicon carbide first formed, according to 
the reaction S 1 O 2 + 30 = SiC +2CO, decomposes at about 2400®C., 
leaving carbon in the form of graphite and silicon liberated is 
volatilised and condensed. 

SiC = C + Si. 
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Silicon exists in two different allotropic forms :— 

(l) amorphous and (2) crystalline. 

^Amofphous silicon :—It is prepared by heating strongly an 
intimate mixture of sand and magnesium powder, 

2Mg + SiOa«2MgO + Si. 

It Is a brown powder of sp. pr’. 2*35. It is a non-conductor 
of electricity'and fuses at 1550®C. When heated in air, it catches 
fire and burns to SiOg. It slowly decomposes steam at a red 
heat. Si + 2Hp0 = Si02 + 2 H 2 . It is insoluble in all acids 
except HF'in which it dissolves giving hydro-fluosilicic acid. 
Si+ 6 HF=”2H2 + HaSiFo. Silicon combines directly with 
fluorine and chlorine, with incandescence and burning, with the 
production of SiF^ and SiCU respectively. 

Cfrystalline silicon :—It is prepared by passing a slow stream 
of silicon tetra-chloride vapour over metallic aluminium melted 
down in an atmosphere of hydrogen. Silicon is set free and 
dissolves in excess of melted aluminium. The mass is cooled 
when crystalline silicon separates out. The mass is next treated 
with HOI to dissolve out the excess of Al. 

3SiOl4. + 4Al-3Si + 4AlCls. 

It is a dark-grey crystalline solid of sp. gr. 2*94. It fuses 
like the amorphous variety at 1550‘'C. It conducts electricity 
to a slight degree. It is chemically less active than the amor¬ 
phous variety. Even on strong heating it docs not burn in 
oxygon. It is insoluble in all acids except HF. It catches fire 
and burns when heated in chlorine gas and spontaneously burns 
in fluorine, the products being SiOU and SiF* respectively. 

Q. 5. Write a short essay on Mendeleeff*s periodic classi- 
fiication* 

Ans. When the methods of determining atomic weights 
came to be established on firm grounds, there arose the possibi¬ 
lity of comparing the atomic weights of elements and their pro¬ 
perties, in order to find out some definite relationship between 
these two. As early as 1817, Dobereiner noticed that in some 
allied elements, the atomic weights were approximately in arith¬ 
metical progression. Thus 
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f Oa... 

...40 1 

Li... 

... 7 

S.... 

.. 83 1 • 

1 

48 


,16 • 


1 47 

-I Sr... 

00 

00 

■ 

• 

Na . 

...23 

Be .. 

..; 78 !- 

1 

1 49 


16 


|48 

L Ba... 

...137j 

K.. 

....39 J * 

Te... 

...127 J 


These were called Dohereinei*a Triads^ 

Almost half a century later, in 1864, the English Chemist 
Newlands made a remarkable observation that if elements were 
arranged in the ascending order of their atomic weights, cbunt- 
ing from any one of them, the eighth member would be analogs 
ous in properties. This was called by Newlands the of 

Octaves’’ from the analogy with the musical scale. . * 

In 1869 Lothar Meyer, a German Chemist, and simultane¬ 
ously, but quite independently, the Russian Chemist, Mendele^ff 
discovered that when the elements are arranged in the order of 
increasing atomic weiglits, their properties vary from member 
to member in a definite way, but return more or less to the 
same value at fixed points in the series. 

If the sixteen elements with lowest atomic wts., after hydro¬ 
gen, be arranged in order of increasing atomic wts. in' two 
horizontal rows of eight, some of these relations will be 
recognised— 

He = 4, Li-7. Pe-9, B-11. C-T2, N = 14, 

. 0 = 16, F = 19. 

Ne = 20, Na = 23. Mg = 24, Al = 27, Si =28, P = 31; 

S = 32, Cl = 35*5. 

In traversing from He to F in the upper row, we meet with 
certain characteristic properties belonging to each member, and 
also a certain gradation in those properties that are common. 
Coming to the second row, many of the characteristic properties 
of the members of the first row again appear, and the same 
regular modulation is mel with in passing along the series : 
thus helium exhibits a likeness to neon, lithium resembles 
sodium, carbon corresponds to silicon, fluoriqe to chlorine. 
These resemblances are seen both in the physical as well 
as in the chemical properties of the elements} thus lithium and 
sodium are both soft white metals, and are strongly electro- 
positive. Fluorine and chlorine are both pungent corrosive 
gases, and are intensely electro-negative, while helium and neon 
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are .neither electro-positive nor electro-negative) have no 
chemical properties "whatever, and therefore no valency. 

t 

Kegarding, then, the.eight elements of the first row as a 
period, we find, that the various properties exhibited by the 

• several members are met with again in those of the second 
period. 

^Not'only do the properties of the elements themselves reap¬ 
pear but-also those possessed by the various compounds they 
form : thus litliium chloride (LiCl) and sodium chloride (NaCl) 
strongly resemble one anotheri The oxides of beryllium and 
Magnesium (BeO and MgO) have similar properties. The 
compounds of fluorine and chlorine with hydrogen (IIF and HOI) 
resemble each other, and so on. 

• This periodic reappearance of similar properties, exhibited by 
the elements and their compounds as the atomic weights of the 
fiDrmer-gradually increase, is tlius stated by Mendelecff in his 
Periodic Law :— The iiropei ties of the elements, as icell as the 

* ^properties of their compounds, form a pei iodic function of their 
atomic weights,** 

When the tabulation of the elements on this basis is conti¬ 
nued after the completion of the second period with chlorine, 
it will be seep that, beginning with argon, eighteen elements 
have to be arranged before we meet with the reappearance of 
•those properties that belong to the first ^— • 


A 

K 

Ca 

8 c 

Ti 

Y 

Cr 

Mn 

(Fe 

Co 

Ni) 

40 

39 

40 

46 

48 

51 

62 

65 

56 

69 

59 


. Cu 

Zn 


Ga 

Ge 

As 

Se 

Br 




6b*5 

66 


70 

72 

76 

79 

80 




This constitutes what is known as a long period, in contra¬ 
distinction to the two first, which are distinguished as shm't 
periods. In certain respects, however, the last seven elements 
in this long period exhibit certain amount of resemblances to 
the seven in the first portion (counting after Argon) ; that is to 
say,* the properties displayed by the members of the first short 
period, which is known as the typical periodt reappear twice 
over in the long period. The three elements within the brackets 
were termed by Mendeleeff transitional elements. 
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Continuing the arrangement from bromine,. another long 
period occurs, again containing the transitional elements :—• 

Kr Kb Sr Y Zr Ob Mo Ma (Ru Eh Pd) 

83 86 87‘6 89 907 93*5 *96- — lOi ‘ 103 106 

Ag Cd In Sn Sb Te I 

108 112 115 119 1217 12V5 12(y’[l 

After Iodine comes Xenon a-id then beginning with *Xonon» 
thirty-two elements have to be traversed before we can meet 
with the same seciuonce of properties. This, period, ‘coiitaining 
32 elements wdth another sot of throe transitional elements and 
16 rare-earth elements, is called a v&i'y long period or cu monstetr* 
penod. The rare-earth elements are all placed ill one group. 

Then comes a fragmentary period containing only 6 elements 
all of which are radio-acAim. Tt ends with Uranium, the element* 
with the highest atomic weight known. 

Those elements that fall in the first eight places of the lon^ 
periods are stated to form the even series, while, the last seven 
are distinguished as forming odd senes. 

In this manner the elements are arranged in nine vertical 
groups. The first of these groups contains the so-called “inert 
gases". And as the system of numbering the groups of elements 
in their periodic arrangement has become familiarised by long 
use, this group containing the “inert gases" has been numbered 
Group 0, and the systematic numbering of the other groups' 
begins as usual. The last group, viz., the Group VHf, contains 
the transitional elements that come between the even and odd 
series of the long periods. 

In each of the remaining seven groups, the elements belong¬ 
ing to the even series of their respective long periods, are placed 
to the left, while those belonging to the odd series are arranged 
on the right-hand side of each vertical column. In this way 
the groups are divided into the sub-divisions A and B, in which 
the resemblance between the members is most pronounced. Thus, 
in Group 11, although there are certain properties common to 
all the members there is a much closer similarity existing 
between the elements calcium, strontium and barium than 
between zinc and calcium, cadmium and barium. The elements 
in the two short periods have been' placed in the sub*diviBioiL 
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with the members of which they exhibit the closest resemblance. 
Thus, in Group I, lithium and sodium are more allied to 
potassium, rubidium# and caesiflm, than to copper, silver and 
gold ; while- in Group VII fluorine and chlorine are placed 
in the same family with bromine and iodine, with which they 
exhibit a close similarity, 


Periodicity in the properties of the elements, when arranged 
in the Periodic Table is shown by the physical properties like 
melting point, hoilhig- point, specific gravity, conductivity for 
heat and electricity etc., and is best illustrated by the atomic 


« » 

volume curve.* Atomic volume of an element is 


At. wt. 
Sp. gr. 


of the 


• _ 

element. -When the. values for atomic volumes are plotted 
• against.at. wts. of elements, with at. wts. as abscissa) and at. 
volumes as ordinate, a .curve is obtained, which is distinctly 
periodic. 

The periodicity in the chemical properties of the elements 
when arranged in the Periodic I’able is seen by taking into 
consideration ValencAj and eieclro’chemiGal character of the 
elements. 


{a) Valency —The elements of group 0 have zero valency. 
The valencies of the elements towards hydrogen increases 
regularly from 1 to 4 while passing from Group I to Group IV 
and then diminishes from 3 upto 1 from Group V to Group Vll, 
as is evidenced from the formation of compounds like 

LiH, Calla. (BH 3 ) 2 . CH*. NH 3 , PIl. 

The valencies towards oxygen, on the other hand, increase 
regularly from 1 to 8 as we pass on from Group I to Group 
VIII, as illustrated by formation of compounds like 

LiaO BeO B 2 O 3 CO 2 NsOb SO 3 CUO 7 OSO 4 * 

W) Electro-chemical character—In Group I we find the 
elements which are highly electro-positive. Then gradually the 
electro-positive character diminishes until in Group IV we 
find elements like 0, Si, etc., which are elect?ically indifferent. 
Then from Group V upto Group VII the electro-negative character 
makes its appearance and the elements of Group VII are 
highly electro-negative. Then from highly electro-negative 
elements like P or 01 , the transition to the highly electro-positive 
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elements like Na or K takes place through element like Ne or 
A which have no valency and therefore of electrical character 
infinity. Hence a regular perfodicity is exliibited in electro¬ 
chemical character when we consider the elements as arranged 
in the periodic table. 

Usefulness of the Periodic Table :— 

The uses of the Periodic system is found : 

1 . In the classification of the elements, —It is the best of all 
the modes of classifying the elements. It. has rendered the 
study of about 90 elements into that of nine vertical 
groups. 

2. In correcting doubtful Atomic %oeigkis, —One example' 
will make this clear. .The equivalent weight of Indium 
was found to be 38. Its. at. wfc. was taken as* 2x38 = 76. 
In that case Indium is to bo placed between Arsenic and 
Selenium. But there was no room for such an element 
there. Mendeleeif, judging from its properties, suggested that 
Indium should have an atomic weight 3 x 38 = 114 which would 
place it between Cadmium and Tin, where it fits very well. 
The subsequent determination of the atomic heat of Indium and 
thence its at. wt. corroborated this change and the correct 
at. wt. of Indium is taken as 114 and not 76. 

3. In the prediction of new elements, —At the time when 
the Periodic law was first formulated, there were- three’ 
gaps in the system in the first long period, viz., No. 4 in the 
even series ( now occuiued by Scandium), and Nos. 3 and 
4 in the odd series (now filled by Crallium and Germanium ). 
To the unknown elements which were destined to occupy those 
positions, Mendeleeff gave the names eka-boron, eka-aluminimn, 
and eka-silicon and from the known properties of the neighbour¬ 
ing elements of the series and also of those situated nearest in 
the same family, he predicted some of the prominent properties 
that would probably be possessed by these elements. These 
predictions came out to be true when in 1875 Lecoq de 
Boisbaudran discovered Gallium tallying in properties with 
eka-aluminium. Discovery of Scandium (Nilson, 1879) and 
Germanium (Winkler, 1886) whose properties were found to 
closely accord with those of eka-boron and eka-silicon respec- 
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tively,'formed an additional demonstration of the truth of the 
Periodic law. , * • 

Infects of the Periodic classification :— 

1. The position of Hydrogen is yet open to discussion. It 
is monovalent and so can be placed either in Group I with the 
^Ikali metals or in Group VILwkh the halogens. The only 
argument for placing Hydrogen with the alkali metals is that it 
is an electro-positive element like the alkali metals. Arguments 
in favopr of placing Hydrogen in Group VII with the 
halogens are :— 

(1) Like the first two members of halogen family, viz., F and 
Cl, it is a gas. (2) Like the halogens, its molecules are 
diatomic. (3) It may bo rej)lacGd, atom for atom, from organic 
compounds, by the halogens. (4) Just as the metals form 
halides with the halogens, similarly alkali metals and tbe 
alkaline earths form definite hydrides as an electro-negative 
element. (5) If hydrogen be placed in group Vll, the diffe¬ 
rence between the at. wts. of hydrogen and its next congener 
fluorine is 18 which is the usual difference between the atomic 
wts. of two successive elements in the same group in the first two 
short periods ; but this sequence is broken, if it be ])hiced in 
Group 1. 

■ 2. In the case of some elements, the atomic weight sequence 
is broken i thus in three sets 

(a) Argon (38.9) and Potassium (39*0) 

(h) Cobalt (68*9) and Nickel (68*6) 

{g) Tellurium (127‘6) and Iodine (126*9) 

3. There are fifteen rare-earth elements for which appro¬ 
priate place have not been found. 

4. The periodic classification according to atomic weights 
overlooks certain chemical analogies. For example, 

{a) Copper, silver and gold have very little analogies 
with sodium, potassium, etc. and yet they have been placed in 
the same group with the alkali metals. Similarly, manganese 
has been placed in tbe same group with the halogens. 

(b) Copper and Mercury, Silver and Thallium, Barium 
and Lead, which appear to be chemically similar, are placed in 
separate groups. 
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FIRST PAPEB-~1956 

Q. 1. Giving neat sketches of the apparatus used describe 
any two of the following processes :— * 

(a) Distillation of water, 

(b) Laboratory preparation cf HoSy 

(c) Accurate weighmg bf a substance* ' * * 

Ans. {a) Distillation of water is carried out with €h9 help 

of a distilling flask, fitted to a Liebig’s condenser anc>a 'receiver^ 



Fig. 116 


The appartns is arranged as shown in the adjoining figure. 
Water is taken in the distilling flask. The side tube of the 
distilling flask is introduced through a cork, fitting tightly to the 
condenser tube, into the condenser tube of a Liebig's condenser 
as shown in the figure. Cold water enters the jacket of the 
condenser tube by the lower side*tube and after circulating 
round the narrow inner condenser tube, and getting heated by 
coming in contact with steam passing through the inner 
condenser tube, leaves by the upper side tube. The arrangement 
for this cold water circulation through the jacket tube is shown 
in the figure. A clean flask (called receiver) is placed at the 
other end of the condenser tube in such a way that the open end 
of the condenser tube is well inside the flask. The condensed 
water collects inside the receiver. A thermometer is introduced 

34 



530 C. U. QUESTIONS WITH ANSWERS ON [1966 

into the distilling ‘flask through a cork fitted air-tight to its neck. 
The bulb of the thermometer is placed slightly below and 
nearly opposite to, the side tube of the distilling flask as shown 
in the figure. After completing the above arrangement of the 
different parts of the apparatus for distillation, the distilling 
flask containing water to be distilled is placed on a wire gauze 
fitted on the top of a tripod stand and heated hy means of a 
Bunsen flame, till the water in the flask boils* The vapour of 
water, given off during boiling, passes through the inner tube 
of the Liebig’s condenssr and condenses back into liquid water 
there due to the cooling action of cold water circulating through 
the jacket-tube and collects inside the receiver after trickling 
down the inner tube. The water collecting in the receiver is 
cdWodi. ihe distillate. ^ The thermometer is used to note the 
temperature. 

( 6 ) In the laboratory H 2 S is prepared by the action of 
dilate sulphuric acid on chips of ferrous sulphide, placed in a 
Woulfe’s bottle, or, for continuous supply as required in 
qualitative analysis, in Kipp’s apparatus. 

Ferrous sulphide, FeS, in 
broken fragments, is introduced 
into the central globe of a 
Kipp’s apparatus. The stop-cock 
fitted to the tube attached to 
the middle globe is opened and 
dilute H 2 SO 4 is poured down 
the safety funnel at the top of 
the upper globe, which is fitted 
to the mouth of the middle 
globe, after putting in the frag¬ 
ments of ferrous sulphide. The 
acid runs down to the lowest 
globe, fills that lowest globe, 
and then rises into the central 
globo where it comes in contact 
with ferrous sulphide. Sulpnu- 
retted hydrogen is produced 
and escapes through the 
stop-cock. 

FeS + H 2 SO 4 “ FeSO* + HaS. 



Fig. 117 
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When the gas is not required, the stop-cock.is closed (the gas 
collects in the central globe, and the pressure of the gas 
forces the acid out of the central globe. The acid rises up the 
stem and goes to the top-most globe. Thus further reaction 
stops. When the gas is required, the stop-cock is opened, HaS 
-escapes, the acid comes down from the top-most globe and so 
the contact between FeS and HaS.O* is brought a,b6ut. Then 

fresh quantities of HsS are evolved. 

(c) For very accurate weighing, especially in ’ Chemical 
Analysis, a sensitive chemical balance is always used. It ik a 
very delicate apparatus. So it should be handled very carefully. 
It is specially constructed to produce extreme sensitiveness and 
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hence it is kept in glass cases the interior of which is kept 
dry by placing a beaker containing fused Calcium chloride in 
one corner. By this arrangement the balance is protected from 
dust and draught. 

* 

The essential features of a typical chemical balance are 
shown diagrammatically in the adjoining figure. The beam of the 
balance is so conStructed'’that it is as rigid and light in weight ae 
possible and it is mounted at its centre upon a prism-form agate 
knife-edge which rests upon an agate plate attached to the central 
beam support. There are two agate knife-edges at the two ends^ 
fixed at equal distances from the central knife-edge and a stirrup 
is suspended from each of them. The pans are hung from these 
stirrups, contact being made upon agate planes fixed to the 
stirrups. A long pointer is attached to the centre of the beam 
and this moves over a scale at the foot of the pillar. The 
movement of this pointer on the scale indicates the deflection 
of the beam from the horizontal position when the balance ia 
in operation. The-balance, before being operated, is to be levelled 
with the aid of levelling screws and a plumb line suspended from 
the column (or with spirit level fixed to the base of the balance). 
The whole of the beam is divided into 100 equal parts (in Bungo 
type) with 0 of the scale on the left-hand side of the user and 
into 50 equal parts on either side (in Sartorius type) with O 
of the scale in the middle, so that weight adjustments smaller 
than lOmg. can be made readily with the help of a small 
piece of platinum or gilded aluminium wire (called the 
rider) placed on the beam and moved along the beam by 
means of a rider carrier (a sliding metal rod which is worked 
from outside the balance case). For the Bunge type of 
balance a 6 mg. rider is employed ; in the Sartorius type a 10- 
mg. rider is necessary. A small weight is attached to the 
pointer for altering the sensitivity of the balance. There are 
adjusting screws at the ends of the beam for the purpose of 
adjusting the equilibrium position of the pointer so that it rests 
at the centre of the scale ; this ensures that the beam is 
horizontal when unloaded. In order to protect the knife edges 
from undue wear and tear during the transfer of weights and 
objects, the balance is provided with a device by means of which 
the moving parts can be raised, thus slightly separating the 
knife edges and planes. The device is operated by means of a 
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The pointer oscillates equally on both sides of the 0 mark of the 
scale and thereby indicates the correctness of the balance. The 
substance to be weighed is* then placed on the left-hand pan of 
the balance and weights are added to the other pan until the 
smallest weight added on the pan is within *01 gram. The 
final adjustment i& made with the rider, so that the beam 
returns to* its original equilibrium position. The weights 
required are then noted down. The sum>total of these weights 
is the weight of the body. 

Q. 2. Write what^ you know about any two of the following :— 

(а) Crystals—Hoiu are they obtained f What is water of 
crystallisation ? ' 

(б) ‘ ‘Kinds of matter and energy—their indestructibility. 

(c) SoluHlity-r-^nsaturated, saturated and supersaturated 
solutions. 

Give examples wherever necessary. 

'Ans. (a) Crystals are defined as homogeneous solids 
usually having definite geometrical forms \ these break into 
pieces with plane faces meeting in sharp edges. 

Crystals are usually obtained [i) by cooling or evaporating a 
saturated solution of a solid. Thus crystals of copper sulphate, 
CuSOi, 6HaO (blue virtriol) can be obtained by preparing a clear 
saturated solution of the material in a basin, evaporating the 
solution until solid crystals begin to appear at the edges, and 
then cooling the solution to room temperature. 

{ii) By fusing a solid and then allowing it to cool and 
solidify, e.g., when ordinary roll sulphur is fused in a crucible 
and the crucible cooled, a solid crust appears on the surface. 
On piercing holes into the crust and pouring out the still liquid 
portion, prismatic crystals of sulphur are obtained, 

(Hi) By condensing the vapour of a volatile solid. Thus, 
iodine crystals can be obtained by heating iodine in a basin, 
kept covered with a funnel when iodine sublimes and is 
deposited in shining crystals in the funnel. 

Many solids, when crystallising out from their aqueous 
solutions, combine chemically with a definite number of mole,- 
oules of water. This chemically-combined water can be driven 
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off more or less easily by heating and when this is driven off 
the particular crystalline shape is lost and the solids fall to 
powder. Sometimes colour of the crystalline ' solid is removed. 
Water thus associated with crystals as an essential patt of their 
constitution, is called water of crystallisation, * ♦ 

Thus, in crystals of copper sulphate, , CuSOi, 6H20, 6 
molecules of water are present as water of crystallisation. Oif 
heating, these water molecules are removed and blue crystals 
are transformed into white powder. • • 

(6) Matter can be of three kinds, solid, liquid and gasequs. 
A solid has a definite mass, volume and shape. A liquid has 
a definite mass and volume, but no shape ; when at rest it 
takes the shape of that part of the vessel in which it is con¬ 
tained. A gas has a definite mass, but no definite volume or 
shape ; it completely fills and takes the shape of the containing 
vessel. 

« 

Water is the most familiar example of matter existing in 
nature in the three states, ice (solid), water (liquid) and vapour 
(gas). Matter may pass from one kind to another by heat or cold. 
Thus ice when heated becomes water which when further 
heated becomes steam* 

Different kinds of energy met with in nature are •*— 

(*) Mechanical energy ; (n) Heat ; (u«) Sound ; (*v) Light ; 
(v) Electrical ; (ue) Magnetic ; {mi) Chemical. It is to be 
noted that all these forms of energy can be divided into two 
classes—kinetic and potential, and one form of energy frequently 
changes into another form. 

Matter is indestructible, and so the total quantity of matter 
in every chemical action is exactly the same after the change 
as the total quantity of matter taking part in the reaction 
before the change. 

The law of indestructibility of matter is proved by the follow¬ 
ing experiment :—A round bottomed flask is provided with a 
tightly fitting rubber cork. Through the cork two thick copper 
wires carrying a copper spoon at the end are fitted. A little 
bit of charcoal is placed on the copper spoon. The two thick 
copper wires near the spoon are wound round with a thin 
platinum wire so that the two copper wires are in contact 
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through the Pfc-wire and the platinum wire is made to touch the 
, piece of charcoal* The rubber cork with the copper wires carrying 
' the spoon is removed, and the air inside the flask is replaced by 
oxygen. The cork with the wires carrying the spoon in which 
the piece of charcoal is placed, is then replaced in its original 
position so that it tightly closes the mouth of the flask. Then the 



Fig. 120 

flask with its contents is weighed in a chemical balance. The 
copper wires projecting outside the cork are then connected to 
the terminals of a battery, and a current is passed. The Pt-wire 
becomes red-hot due to resistance offered by this thin wire and 
this ignites the piece of charcoal in contact with it and it burns 
readily in the oxygen gas. After the flame is extinguished, the 
wires connecting the battery are disconnected, the apparatus 
cooled and weighed in a chemical balance. The weight is found 
to be the same as before. Thus, although most of the bit of 
charcoal has disappeared by burning, yet no loss in weight is 
recorded. Hence nothing is lost by burning away of the 
piece of charcoal. 

Energy is also indestructible. It can be transformed from 
one form into the other, but the sum-total of energy always 
remains the same ; it can neither be created nor destroyed. 

(c) Solubility of any substance in a solvent at any particular 
temperature is the weight in grams of the substance which when 
dissolved in 100 grams of the solvent forms a saturated solution 
at that particular temperature. 

A solution which retains its concentration unchanged when 
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it is in contact with excess of solute at a ixed temperature is 
called a saturated solution.' When the concentration of the 
solution increases by placing it in contact with the solute, it is 
said to be unsaturated and when the concentration of the solution 
decreases by being placed in contact with the solid solute, it is 
said to be supersaturated. 

\ 

Thus, when potassium nitrate in small amount is added to 
a quantity of water taken in a beaker, it dissolves. We get an 
unsaturated solution of nitre now. The addition of potassium 
nitrate is continued till an appreciable quantity remains undis¬ 
solved. The beaker with its contents is then heated by being 
placed on a wire-gauze. Further quantity of nitre dissolves. 
The solution is then cooled to room temperature when certain 
amount of solid nitre is deposited. The solution so obtained 
is a saturated one at room temperature. Crystals of sodium 
thiosulphate are taken in a flask and the flask is gently heated. 
The crystals melt in their own water of crystallisation and 
a very concentrated solution of sodium thiosulphate is 
obtained. On cooling to room temperature, after plugging the 
mouth of the flask with a tight cork, no separation of crystals 
takes place. The solution so obtained is a supersaturated 
solution of sodium thiosulphate, because on adding a tiny crystal 
of sodium thiosulphate to the solution and shaking, the whole 
liquid solidifies with evolution of heat. 

Q. 3. Describe, loith a neat sketch of the apparatus used, the 
laboratory preparation of Ammonia. Give tests to demonstrate 
its principal properties. How would you prove that Ammonia is 
composed of three volumes of Hydrogen and one volume of 
Nitrogen ? 

Ans. Preparation of dry ammonia in the laboratory is 
carried out by heating dry powdered ammonium chloride with 
about twice its weight of powdered quicklime in a hard glass 
test-tube closed by a cork through which a deliveiy tube is fitted. 
The hard glass test-tube is clamped in a slightly inclined posi¬ 
tion to a retort-stand and the delivery tube is joined to tbe 
bottom of a lime-tower, filled with quicklime, as shown in the 
figure. An upright delivery tube is next fitted to the top of the 
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lime-tower as shown in the figure. Ammonia, evolved and dried 
in lime-tower, is collected by downward displacement of air. 

2 NH 4 CI + CaO = 2 NH 9 + CaCla + H aO 



Fig. 121 

Tests demonslratiug the 'principal properties of ammonia :— 

. ii) The gas is smelt. It is found to possess a peculiar 
pungent odour. 

Ui) The gas is collected by downward displacement of air. 
This shows that the gas is lighter than air. 

(Hi) A test-tube is filled with the gas by downward dis¬ 
placement of air. The ammonia-filled test-tube is then inverted 
over a trough of water. It is found that water rises and fills 
the tube very rapidly. This proves that the gas is extremely 
soluble in water. 

(iv) To the aqueous solution of ammonia, a drop of a 
solution of litmus rendered red with acid is added. The colour 
of the solution becomes blue. This proves the alkaline character 
of ammonia. Perhaps ammonium hydroxide is formed by 
combination of ammonia with water : 

NHa+HaO^NH^OH. 
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(v) The gas is collected in a gas-jar by downward displace¬ 
ment of air. A lighted taper is introduced in the gas by 
holding the jar with mouth downwards. The taper is extin¬ 
guished and the gas does not burn. This shows that ammonia 
is neither a supporter of combustion nor combustible in air. 

(ve) A glass chimney is fitted at its bottom with a cork 
and two glass tubes, one long and another short, are fitted into 
the chimney through the cork in such a way that the longer 
one reaches the top of the chimney and the shorter.oue just 
projects beyond the cork. A small quantity of cotton wool 
is placed on the cork in the form of a 
pad. At first oxygon is passed through 
the short tube and then dry ammonia 
through the long tube and the mouth of 
the chimney closed for few seconds with 
the palm of the hand. The palm is next 
removed and a lighted taper is applied 
to the mouth of the long tube. Ammonia 
catches fire and burns with a yellowish 
flame. 

4NH3 + 30a = 2N2 + 6H20. 

(iJw) A few drops of concentrated HCl 
is poured into a gas-jar which is then 
closed with a cover glass. The gas-jar 
is shaken well and the excess of cone. 

HCl is poured out. It is then placed 
mouth to mouth with another gas-jar Fig. 122 

containing ammonia and the cover-plates of the two gas-jars- 
removed. Dense white fumes at once appear in both the jars 
and these settle down ultimately to solid ammonium chloride. 

NHa+HCl-NH^Cl. 

{mii) A hard-glass tube is packed with black copper oxide 
and it is heated in a furnace. When CuO becomes red-hot, 
ammonia gas is passed over it. Red metallic copper appears 
in the hard-glass tube. This proves that amme^nia acts as a 
reducing agent. 

3CuO + 2NH 3 == 3Cu + 3H aO + N 2 . 

The composition of ammonia is determined by IToffmann’s 
method. 
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The fact that ammonia is decomposed by chlorine 
producing Ng and forming NH 4 OI is taken advantage 
of in this method to show the volumetric composi¬ 
tion of ammonia. 

A long glass tube fitted with a stop-cock at one 
end and a small dropping funnel at the other, is 
marked off into three equal divisions by India-rubber 
rings (Fig. 121). Th? tube is completely filled up with 
chlorine ga's. A Strong solution of ammonia is 
admitted into the tube drop by drop from the funnel 
until the reaction between the chlorine and ammonia, 
ceases. Chlorine combines with the hydrogen of 
ammonia giving HCl'and nitrogen is set free. HCl 
now reacts with excess of ammonia producing white 
fumes of NH 4 CI. 

8 NH, + 3 OI 2 « 6 NH 4 OI + Na. 

When an excess of ammonia has been added to 
ensure its complete conversion into NH 4 CI and Nai 
the excess of ammonia is neutralised by adding 
dilute H 2 SO 4 in excess. The stop-cock of the dropp¬ 
ing funnel is now turned off, and the tube is placed 
in a tall jar containing water. The bottom stop-cock 
,Fig. 123- is now opened, when water rushes up and fills the 
■tube nearly upto the second mark from the bottom. The level 
of water inside and outside the tube is now made the same, 
when the residual gas is found to occupy one-third of the vol. of 
chlorine taken. That the residual gas is Nitrogen is proved by 
the facts that it is inert, it does not readily combine with other 
elements and it is absorbed by strongly heated Magnesium. 

We know that Hydrogen and Chlorine combine in equal 
volumes to form HCl gas. Therefore! 3 vols. of Chlorine taken 
in the tube, must have combined with 3 vols. of Hydrogen. 
These 3 vols. of Hydrogen must have come from Ammonia 
jgas, which has simultaneously liberated 1 vol. of Nitrogen. 
Thus, ammonia is made up of one volume of nitrogen combined 
•with three volumes of Hydrogen, 

Q. 4.^ How woidd you explain the following :— 

When a flask [dried outside) containing water is heated 
hy"^ Bunsen burner moisture always accumulates on the outside 
surface. 
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(fc) In the flame test we cannot use copper wire in place of 
platinum wire or asbestos fibre, 

(c) Hydrofluoric add cannot he kept in a glass bottle, 

(d) Ammonia bottle should always he kept tightly stoppered^ 
away from a bottle containing strong Hydrochloric acid in th& 
laboratory, 

(e) ^ Effervescence occurs when acids drop on the cement floor* 

(a) In a Bnnseo burner, the combustible coal gas- 
or kerosene gas (in mofussil towns) i^ burnt. Now, coal gas or 
kerosene gas contains hydrogen and hydrocar.bons like CH*, 
O 2 H 4 , O 2 H 2 , OeHo, etc. When they burn in air, steam is 
formed. This steam, coming in contact with the cold surface of 
the flask containing cold water, condenses to droplets of water 
and so moisture accumulates on the outside, surface of the flask. 

2112 + O 2 = 2 H 2 O. ■ 

( * + ®) O, = eOO, + gHjO. 

{b) Copper wire cannot be used in performing the flame test 
for detecting a basic radical in an inorganic saibple because 
when dipped into cone. HCl ffor cleansing the wire) and held in 
the non-luminous Bunsen flame, it imparts greenish blue colora¬ 
tion to the flame. This coloration will mask the coloration 
produced by most other basic radicals capable of imparting 
coloration to the flame. Platinum wire or asbestos fibre does 
not suffer from this disadvantage after cleansing with cone, HCl 
in the flame. 

(c) Glass is a mixture of several silicates. Hydro-fluoric 
acid has the capacity of dissolving silicates. On that account 
the glass bottle will be eaten away by hydro-fluoric acid and ulti¬ 
mately perforations will take place and the acid will run out. 

Soda-lime glass is Na 20 , CaO, 6 Si 02 . The reaction that 
takes place with HF can be represented as 

NaaO, CaO, 6SiO* + 28HF-2NaF + 0aF2 + BSiF*+ I 4 H 2 O. . 

(d) Ammonia bottle contains a concentrated solution of 
ammonia in water, which smells strongly of ammonia 
on account of the spontaneous escape of gaseous ammonia 
from the solution. On this account the bottle should be kept 
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tightly stoppered, otherwise ammonia gas will escape from the 
.bottle by pushing the stopper up, when it is loosely fitted, by the 
pressure generated inside the bottle due to escape of gaseous 
ammonia from the solution. The bottle of ammonia for the same 
reason, is to be kept away from fi, bottle containing strong Hy> 
drochloric acid in the laboratory, for any ammonia gas escaping 
from the ammonia bottle will form dense white fumes of ammo¬ 
nium chloride with Hydrochloric acid vapour escaping from 
bottle containing concentrated Hydrochloric acid which is noth¬ 
ing but a strong solution of Hydrogen chloride in water. 

NHa + HCl^NH^Cl. 

(e) Cement is a complex calcium aluminium silicate. During 
the preparation of the floor, it is used along with water and so, 
due to hydrolytic decomposition, some lime, Oa(OH )2 is produced 
from cement. This lime then absorbs atmospheric carbon dioxide 
and is converted into calcium carbonate, When acids drop on 
the floor, this calcium carbonate reacts with acids, evolving 
narbon dioxide with effervescence. 

Ca(OH )2 + 00a “ CaCOs + HaO 
CaOOa + 2H01« GaOla + HaO + OOa. 

431. 5. How would you prepare any two of the folloioing :— 

ia) Sulphur trioxide, {h) Ozone, (c) Hydroiodic acid. 

Give their principal tests with chemical reactions and equations 
where necessary. 

Ans. Sulphur trioxide is prepared on a large scale from 
sulphur dioxide by passing a mixture of sulphur dioxide and 
excess of oxygon in the form of air, freed from dust, sulphur 



Fig. 124 

particles, arsenious oxide, etc., and dried properlyt through a 
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•contact furnace containing platinised asbestos heated by ring 
burners to a temperature of 460®C at the start. The contact 
furnace consists of an iron box fitted with vertical iron pipes 
packed with the platinised asbestos. The heating is disconti¬ 
nued as the reaction proceeds, for the heat of the reaction 
maintains the temp, necessary for the reaction. Platinised 
asbestos acts as the catalytic agent and sulphur dioxide is oxidis¬ 
ed to sulphur trioxide by atmospheric oxygen; A white cloud of 
sulphur trioxide escapes through the other aide of the <farnaoe. 
This white cloud is passed through a well-cooled receiver where 
sulphur trioxide condenses in the form of white silky needles. 

2SOg +02“ 2SOa* 

Tests :—(i) When thrown on to water, a sound like' the 
quenching of red-hot iron is produced and much heat is evolved, 
which converts water into steam. 

SOs+HaO^^HflSOi. 

(ii) The solution so produced, when treated with Barium 
chloride solution, deposits heavy white precipitate of Barium 
sulphate insoluble in cone. HCl. 

H 2 SO 4 + BaCl 2 “BaSO* + 2H01. 


( 6 ) Ozone is best obtained by exposing pure dry Oxygen to. the 
action of silent electric discharge in Siemen’s Ozoniser which 
consists of two concentric glass tubes. The outer tube is coated 
outside and the inner lined inside with tinfoils. Tliese tinfoils are 
connected with two binding-screws which in their turn are in 
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connection with a Ruhmkorff’s coil. Dry oxygen is passed 
through the annular space in slow stream and a series of silent 
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electric, discharge is pas^. The gas comiDg out at the exit 
consists of a mixture of ozt^en and ozone. 

30{! “ SOs 

* ‘ I • • ^ 

Tests :— {i) The fishy odour of the gas helps to identify it. 

^ (ii) Moist starch-iodide' paper, when held in the gas, is 
turned blue due to liberation of iodine by oxidation of El. 

2KI + H20 + 08==2K0H + l2+02 

(iii) Paper soaked in an alcoholic solution of tetramethyl base 
is turpe^ purple or violet by ozone. 

* Tn the ’laboratory hydriodic acid is prepared by dropping 
water from a dropping funnel, fitted to a flask containing a 
mixture of red phosphorus and iodine. The flask is provided 
with a delivery tube and the delivery tube is connected to U’tube 
Containing glass beads and moist red phosphorus. The flask is 
cooled by dipping in water. Hydriodic acid gas mixed with 
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iodine vapour is evolved in the flask and in passing through the 
U-tube containing moist red phosphorus iodine vapour is absor¬ 
bed. The HI gas is then collected by upward displacement of air. 

At first phosphorus tri-iodide is formed, which is then 
decomposed by water forming phosphorous acid and hydriodic 
acid. 

P + 3I=PIi,. PI, + 3HsO = HsPO, + 3HI. 
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When an aqneous solution of the ikeid is required, the deli¬ 
very tube from the U-tube is oonneoted to am inverted funnel, 
which in its turn is dipped into water contained in a beaker. 

This arrangement is employed for preventing back suction duq 
to extreme solubility of gas in water. 

Tests :—(i) When an aqueous solution of the acid is exposed 
to air, it turns brown due to separation of iodine by osLidation 
with atmospheric oxygen. 

4HI + 0a = 2H;,0 + 2I, 

(ii) When the aqneoue solution of hydroiodic acid is mixed 
with manganese dioxide and the mixture heated, violet vapoun 
of iodine makes its appearance. 

Mn02+ 4 HI=*Mnl 2 + Ia+2H2O. 

(iii) When silver nitrate solution is added to an aqueous 
solution of Hydroiodic acid a yellow precipitate of silver 
iodide, insoluble in cone. HNOa as also in NH4OH, is 
obtained* 

HI + AgNOs = Agl + HNO3. 

(iv) When chlorine-water and carbon disulphide are added to 
Hydroiodic acid solution and the mixture shaken and allowed to 
settle, violet carbon disulphide layer is obtained at the bottom of 
the test tube. The iodine liberated dissolves in GS2 giving a 
violet solution. 

2 HI+Cla= 2 HCl + l2 

Q. 6. State what happens when, 

(a) A solution of cuprous chloride in Hydrochloric acid is 
shaken with air in a stoppered bottle, 

(b) Ferrous sulphate solution acidified with sulphuric acid 
is treated tuiih dilute hydrogen peroxide, 

(c) The gas obtained by heating ammonium sulphate and 
sodium nitrate is led over' strongly heated copper turnings, 

(d) The gas obtained by roasting Iron Pyrites in air is passed 
through a solution of Ferric chUnride almost nmtrah- 

Qive- equations, 

(a) A solution of Cuprous chloride in Hydrochlorio 
acid is colourless but when this solution is shaken with air in a 
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stoppered l^Qttle, it rapidly turns green due to oxidation into 
•Cnprie chloride by atmospheric oxygen. 

aOuadla + 4HC1 + ba *= 4CnOl2 + SHsO. 

(b) Ferrous sulphate solution acidified with sulphuric acid 
green in colour. It is oxidised by dilute hydrogen peroxide 

to ferric sulphate solutions and the colour of the solutions turns 
brfiwn..- ‘ 

* 

. ' 2FeS04 + HaS04 + HaO* == Fe2(S0Js + QHgO. 

(c) The gas obtained by heating ammonium sulphate and 
sodium nitrrate together, is nitrous oxide. 

(i) (NHj2S04 + 2NaN03'=Na2S04+4H20 + 2N20. 

When this nitrous oxide is passed over strongly heated 
Copper turnings, copper is oxidised to cupric oxide and nitrogen 
gas is liberated. . 

Cu + N2O*=0uO + N2. 

(d) The gas obtained by roasting Iron Pyrites in air is 
sulphur dioxide. 

• 4FeS2 IlOa ^ SFOaOa SSOa* 

When this sulphur dioxide is passed through an almost 
neutral solution of Ferric chloride, yellow in colour, ferric chlo- 
. ride is reduced to ferrous chloride and the solution turns colour* 
less. 

2 Fe 0 ls + SO2 + 2 H 2O = 2FeCl2 + H 2SO4 + 2 HC 1 . 

Q. 7. Write an essay on water, touching on the following 
points :— 

Kinds of water—their differences—hard and soft water — out¬ 
lines of the general methods of softening—utility of softening—use 
of water in our daily life and industries—distilled water — ice — 
drinkmg watei' supply in town. 

Ans. Natural water may be classified into four categories 
depending upon the amount of impurities present in them, viz. 

(a) Rain water :—It is the purest form of natural water, 
being obtained by a process of distillation occurring in nature. 
Butin passing through the atmosphere, rain water takes up 
from it many gases and vapours, e.g., Oxygen, Nitrogen, Carbon 
idioxide. Nitrous and Nitric acids. Ammonia, Sulphur dioxide. 
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otc., and also solid matter floating in the air. . Bnt after a 
heavy downpour, the rain.water^jdollected is almost nearly pure 
water. 

« 

(b) Spring (or deep-well) water :—^Rain-water, as it soaks 

into the ground, begins to dissolve more or less mineral matter?' 
—e.g., carbonates, chlorides, and sulphates of calcium, niagne- 
sium, potassium, sodium, and (often) iron, derived from the soil, 
and also carbon dioxide. It often contains sulphuretted hydrogen*. 
Owing to natural filtration through porous strata this water is 
clear and practically free from suspended impurities when it 
finally comes out as spring. ♦ . »% 

(c) River-water :—Surface water as well as spring-water 
ultimately collect in rivers. River-water contains not.only 
dissolved solids derived from the soil over which it flows, but 
also, owing to its great force, it carries along a largo amount of 
insoluble matter, both organic and inorganic, in suspension. 
Hence it is generally turbid. 

(d) Sea-water :—It contains the largest amount of dissolved 
salts, being fed by river-water, which carries all its dissolved 
solids and some portion of suspended matter into the sea. The 
dissolved salts usually consist of chlorides, sulphates, carbonates, 
bromides and iodides of sodium, potassium, calcium and magne- ^ 
sium, of which sodium chloride or common salt is the most 
important. Sea-water contains about 3'6% of total solids of 
which 2'6% is common salt. Hence it is the impurest* form of 
natural waters. 

Natural water may also be broadly divided into two kinds 
according to the nature and amount of dissolved substances, mz, 
(a) Ere^h water, generally moaning thereby natural water that 
does not contain an excessive amount of dissolved impurity, i.e,, 
not to such an extent as to sensibly aflect the taste : e.g.. Rain- 
water, River-water, and ordinary spring or deep well water : 
(i) Mineral loaier which includes natural spring-water which has 
acquired a special taste, or a specific (medicinal or curative) pro¬ 
perty on account of an unusual amount of some particular subs¬ 
tance or substances being held in solution ; e. g., water from 
springs at Bath and Harrogate in England, containing dissolved 
Hydrogen sulphide and possessing hepatic properties ; water < 
from spring .at Epsom in Germany containing dissolved magne-' 
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flium sulphate etc. Water that readily forms lather with soap is 
ealled soft water, whilst water that does not produoe a lather 
until much soap is consumed, is called hard water. Hardness of 
natural water is usually due to the presence of soluble calcium 
and magnesium, salts dissolved in such water. 

Hard water may be again of two types ; (i) temporarily 
hard water^ which contains bicarbonates of calcium and magne- 
sitim dissolved in it ; ifi) permanently hard watert which 
contains chlorides and sulphates of calcium and magnesium 
dis'solved in it. 

Temporarily hard water can be softened by simple boiling, 
when insoluble calcium and magnesium carbonates are 
precipitated :— 

0a(H003)3 = CaOOa + HaO + CO3. 

Temporary hardness is also removed ‘by adding requisite 
quantity of slaked lime. 

0a(H0O3)2 +0a(OH)2 = 20aC03 + 2 H 2 O. 

Now on account of an appreciable solubility of magnesium 
carbonate, twice the requisite quantity of lime required for 
precipitating magnesium carbonate is to be added in order to 
precipitate magnesium as hydroxide, which is much less soluble 
than magLesium carbonate : 

Mg(H 003)2 + 2Ca(OH)a = 2 Ca 003 + Mg(OH )2 + 2 H 2 O. 

Permanently hard water can be softened by adding sodium 
carbonate (washing soda) to such water :— 

MgOla + NaaCOs = MgCOa + 2NaCl 
CaSO^+ Na2G08 “OaCOa+Na 2 S 04 . 

Both temporary and permanent hardness can be removed 
by Gan’s Permutit Process. Permutit is an artificial prepara* 
tion consisting of sodium alumino-silicate. It has tha capacity 
of exchanging bases. When hard water, containing sahs of 
calcium and magnesium in solution, is filtered through a stratum 
of permutit, exchange of sodium for c aloium and magnesium 
takes place. Sodium chloride and sulphate formed passes into 
water and renders water soft for sodium salts are without action 
on soap. Calcium and magnesium are retained as insoluble 
alumino-silioates on the filter-bed. When the permutit becomea 
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exhausted, it is regenerated by being kept in contact' with a 
strong solution of common salt. 

Softening of water confers several advantagesi viz. (i) When 
softened water is used as boiler-feed water, no “fur'* is produced 
inside the boilers at the time of raising steam ; the deposit of 
fur causes a great waste of fuel and increases the wear and tear 
of the boiler-plates, (ii) On the other hand boiler-plates are net 
damaged by acids generated by hydrolytic decomposition like 
MgCl 2 + H 2 O *= MgO + 2HC1 when soft water is used in . boilers, 
(iii) For washing purposes, use of soft water brings down the 
consumption of soap to a great extent. 

Natural waters are used in our daily life': (1) for drinking 
purpose ; (2) for washing and other household pur^wses ; (3) 
for irrigation of lands in. agriculture. In industries water is 
used (1) as a feed-water for boilers ; (2) in chemical works 
and factories as a cooling agent: (3) in the preparation of 
medicine. Besides, water is used as a solvent and in chemical 
analysis. 

Distilled water is fairly pure water. It may be obtained in 
the laboratory by the method described in Q. 1, (a). Industrially 
it is obtained by using a copper boiler and a tin coil condenser. 
It is required for preparation of medicines, in chemical analysis 
and in storage battery. 

Ice is water which has been solidified by cooling. Usually 
on a manufacturing scale water kept in a tank is cooked by 
circulation of liquid ammonia through coils set round the tank. 
Blocks of ice are thereby produced. 

Drinking water to be supplied in Town is usually drawn 
from a river or specially preserved tank. Usually such water is 
first drawn into a tank and allowed to stand there for a time 
in contact with blocks of alum placed in iron cages in order 
that suspended impurities may mostly settle out. It is then 
discharged under pressure through iron pipes in the form of a 
short spout on the cemented inside-edge of the filter-bed. This 
brings about proper aeration and exposure to sunshine whereby 
germs are partially destroyed. Next water is passed through 
filter-beds consisting of layers of fine sand, coarse sand and 
gravel. The filtered water is collected in the channel. 
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, Water for town supply is next sterilised by adding small 



Fig. 127 

* 

quantities of chlorine or bleaching powder. In great cities 
Europe sterilisation is carried out by treatment with ozone. 


SECOND PAPEB 

Q. 1. State Faraday's laws of electrolysis and deduce the 
relationship between the chemical equivalent and the electrochemical 
equivalent of an element. 

The same current was passed through solutions of copper sul¬ 
phate, silver nitrate, and dilute sulphuric acid for the same interval 
of time. If the volume of hydrogen liberated be 37'4 c,c at 750 
mvA, pressure and 27^*0., and the amount of silver and copper 
deposited on the respective cathodes he 0’S267 gm. and 0’0954 gm. 
respectivelyt calculate the equivalent weights of silver and copper, 

Faraday’s laws of electrolysis :—These are two in number. 

(a) The mass of an ion liberated during electrolysis is 
directly proportional to the strength of the current and to the 
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time during which the current flows, ix. to the quantity of 
electricity flowing through the circuit. 

Thus, if W be the mass in grams of an ion liberated, G the 
strength of the current in ampere and t the time in second 
during which the current flows, or W =* ZCt where Z is 

a constant. Now when 0=1 amp. and f = 1 sec, then W = Z 
mass of ion liberated by unit quantity of electricity^ This quan¬ 
tity Z is called the electrochemical equivalent of the substance. 

(2) When the same quantity of electricity is passed through 
different electrolytes, the relative masses of ions liberated are 
proportional to their chemical equivalents. 

(b) From the first law, we have Wr=ZCt*, where W = the 
mass of an ion liberated by a current of G amperes flowing for 
t seconds, and Z is a constant. Now when C = 1 ampere, and 
second, or when 1 coulomb of electricity is passed through 
the circuit, W = Z, which is a constant for any one element and 
is called the electro-chemical equivalent of the element. 

Now from the second law, it follows that the electrochemical 
equivalents of substsnces are proportional to their chemical- 
equivalents. 

So we have the relationship, 

Electrochemical equivalent of a sub stance A 

Electrochemical equivalent of a substance B 
_ Chemical equivalent of A 
Chemical equivalent of B 

„ E. C. E. of any elem ent ^0. E. of the element 
ence, Hydrogen 0. E. of Hydrogen 

= 0. E. of the element 
('.* C. E. ofH=l). 

« 

Electro-chemical Equivalent of any element = Electro¬ 
chemical Equivalent of Hydrogen x Chemical Equivalent of 
the element. 

Let V c.c. be the volume of hydrogen at N.T.P., i.e., O^O and 
760 mm. pressure. 

Then, by Boyle's and Charles' Laws, we have 
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3r4 x 760.. Vx760 
'273 + 27 ' 273+0 

. Tr_37’4 x 760 x 273.. 

• • V —- „ -C,Cf 

760 X 300 

* 83 6 c*c« » 

Since 1 c.o. of hydrogen at N. T. P, weighs 0'00009 gm. 

..*• the weight of 38*6 o.c. of hydrogen at N. T. P. 

** 38*6 X 0*00009 gm. 

0*003024 gm. 

Since, by definition, the equivalent weights of silver and 
copper are respectively those weights (expressed as a mere 
number since it is the ratio of two weights) of silver and copper 
which are liberated by the time in which 1 gm. of hydrogen is 
liberated, 

equivalent weight of silver * * 

0003024 
= 108*03. 

and equivalent weight of copper = 

= 31*54 

Q. 2. (a) Describe the preparation and properties of pure 

^ Carbon monoxide. How is the formula of the gas established ? 

What volume of air at 27°G.^ and 750 mm. pressure toould be 
required for the complete combustion of one litre of a gaseous 
mixture^ ctmtaining equal parts of carbon monoxide and hydrogen 

volume ? 

Ans. Preparation of CO ;—Cone. Ha SO 4 is taken in a flask 
fitted with a rubber cork through which pass a dropping funnel 
and a delivery tube. Sulphuric acid is then heated to about 
100 ® 0 . and pure formic acid is added drop by drop from the 
dropping funnel to the hot sulphuric acid. As each drop of 
formic acid comes in contact with cone. Ha SO 4 . the elements 
of water are abstracted from it and CO gas is evolved. The gas 
is collected by displacement of water. 

H.OOOH + H 3 SO 4 “ CO + [H 2 SO 4 + HsO]. 
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Pare and dry specimeD of the gas can.be obtained by passing 
this GO first through a wash bottle containing concentrated 
H 2 SOi and then collecting the gas by displacement of mercury. 



Properties of Carbon monoxide. CO.-— 

Carbon monoxide is a colourless gas with a peculiar faint 
smell. It is slightly lighter than air and is practically insoluble 
in water. The gas is extremely poisonous ; it combin.es with 
the haemoglobin of blood forming car boxy-haemoglobin which 
is incapable of absorbing oxygen ; thus blood in the lungs loses 
its capacity of taking up oxygen and this brings about insensibi¬ 
lity and ultimately death. 

Carbon monoxide is a combustible gas. It burns with ft 
characteristic lambent blue flame, forming CO 2 , when ignited, 
2C0 + 02=2C02- An intimate mixture of carbon m'onoxide and 
oxygen, when inflammed, explodes violently. 

It is a neutral oxide of carbon. It is an unsaturated com¬ 
pound and combines directly with chlorine, under the influence 
of sunlight with the formation of carbonyl chloride or phosgene 
gras ; CO + Cl 2 “ COCl«. Finely divided nickel, cobalt and iron 
unite with carbon monoxide on heating, with the formation of 
a class of compounds called carbonyh, e.g., nickel carbonyl 
Ni(CO) 4 , iron carbonyl, Fe(CO)6 etc. 

Carbon monoxide is a powerful reducing agent at an elevated 
temperature. Thus, when carbon monoxide is passed over red- 
hot copper oxide, CuO is reduced to metallic copper and CO is 
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oxidised -to- 00*. OuQ + OO-Ou + CO*. Solid KOH when 
heated absorbs 00 when passed into it under pressure forming 
potassium formate *; KOH + 00 ” HOOOK. A solution of 
cuprous chloride in cono. HOI or in ammonia absorbs carbon 

monoxide, forming OuOl, 00 , 21120 . 

• * 

Formula for carbon monoxide is obtained from a knowledge 
of its volumetrio composition which is established in the 
following way;— 

A few^c.c. of pure and dry carbon monoxide is introduced 
into the closed limb of a U-shaped eudiometer tube, provided 
with a side-cock as shown in the adjoining figure, by the dis¬ 
placement of mercury. Next the level of mercury 
is brought to the same level in both the limbs, and 
the volume of the gas is carefully read off. Let 
it be 30 c.c. Then an equal volume of oxygen is 
introduced into the closed limb of the apparatus, 
mercury level is adjusted to the same height in 
both the limbs and the volume of the mixture is 
carefully noted. It is found to be 60 c.c. The open 
limb of the tube is then closed with the thumb- 
and a single electric spark is passed through the 
mi:tture by connecting the two Pt-wires sealed in 
the closed limb of the tube to the terminals of 
an induction coil. Carbon monoxide combines 
with oxygen with explosion to form carbon dioxide^ 
•The apparatus is allowd to cool, the mercury 
level is again adjusted fco the same level in both 
Fig. 127 the limbs and the volume of the gas remaining is 
carefully read off. It is found to be 45 c.c. The open limb 
of the tube is then completely filled up with mercury so as 
to exclude air ; a piece of solid KOH is then placed on the 
surface of mercury, the mouth is closed with the thumb and by 
inverting the whole apparatus the solid KOH is introduced into 
the closed limb. Carbon dioxide is completely absorbed by KOH.. 
The mercury level is again adjusted to the same height in both 
the limbs by letting out mercury through the side cock. The 
volume of the residual gas is noted carefully. It is found to be 
16 c.c. That the residual gas is nothing but oxygen is proved 
by the facts that («) it rekindles a glowing chip of wood, («) it- 
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forms brown fumes with nitric oxide. (NO) aijd (m) it ifl com¬ 
pletely absorbed by alkaline pyrogallate. 

From tbe data mentioned we find that 30 c.c. of carbon 
monoxide have combined with (30 ~ 15) or 16 c.c. of oxygen to- 
produce (45 ■“ 16) or 30 c.c. of carbon dioxide. Now, as carHon 
dioxide contains its own volume of oxygen, 30 c.c. of carbon 
dioxide contain 30 c.c, of oxygen. Now to produce these 30 o.c. • 
of carbon dioxide, only 15 c.c. of oxygen—out of 30 c.c. added— 
have been used up. Therefore the remaining 15 c.c. of ■ oxygen 
must have come from 30 c.c. of carbon monoxide ; or.30 c.c. of 
carbon monoxide contain 16 c.c. of oxygen. * 

Thus it IS proved that carbon monoxide contains half its volunte 
of oxygen. 

Hence, 2 vols. of carbon monoxide contain 1 vol. of oxygen. 

Let n be the number of molecules present in 1 vol. of oxygen. 

Then, by Avogadro’s hypothesis, In molecules of carbon 
monoxide contain n molecules of oxygen ; 

Or, 2 molecules of carbon monoxide contain 1 molecule of 
oxygen or 2 atoms of oxygen, since oxygen molecule is diatomic. 

( Deduction of Avogadro’s hypothesis ). 

Therefore, 1 molecule of carbon monoxide contains 1 atom 
of oxygen. 

• • 

Hence the formula for carbon monoxide may be -written aa 
CaO, where x is an integer and represents the number of carbon 
atoms present in a molecule of the gas. Now the density of 
carbon monoxide as determined experimentally = 14. Therefore 
the molecular weight of carbon monoxide =» 14 x 2 *=* 28. That is 
to say, 12a; +16 * 28, or a; = 1. 

Hence the formula for carbon monoxide is 00. 

(5) The volume of gaseous mixture containing carbon 
monoxide and hydrogen is given to be 1 litre or 1000 c.c., but 
the temperature and pressure of the gas mixture have not been 
mentioned in the sum. The volume, therefore, is taken to be 
at N. T. P. Since carbon monoxide and hydrogen are present 
in equal parts by volume, therefore there are 500 c.c., each of, 
CO and H 2 at N. T. P. 

Now, from the equations 
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200 + • O’a =2002 

2 vols, 1 voL 

2Ha + Oa =2H20 

2 voIb. 1 vol. 


We know that 2 vols. of 00 require 1 vol. of O 2 and 2 vols. 
of H 2 require 1 vol. of 0 2 respectively for their complete com¬ 
bustion, the gases being all measured at N. T. P. 

Therefore, 600 c. c. of 00 require 260 c.c. of Oa and 500 c.c. 
of H 2 require 260 c.c. of O 2 for complete combustion, all gases 
being measured at ,N. T. P. 

/. the total volume of O 2 required for the complete 
combustion of the gas mixture measuring 1 litre at N. T. P. = 
(260 + 260) or 600 c.c. at N. T, P. Since air contains 21 per 
cent, of oxygen by volume, therefore total volume of air at 
N. T. p. required for complete combustion of the gaseous 


mixture = 


600 X 10 0 
21 


c.c. 


'Let V c.c. be the volume of this air at 27^0 and 750 mm. 
pressure. Then by Boyle's and Charles* Laws, we have 


500 X 100 
—r^x760 

273 + 0 273 + 27 


• ;7= -^°?^-?°°^-^?-^^®-ox. = 2652 e.c. = 2‘652 

21 X 273 X 760 

Q. 2, Alternative : 

(a) Describe the manufacture and the ‘prox>ertieB of lohite and 
red phosphorus* Explain how each form can be converted into the 
other, ^ 

‘ Mow may phosphorus pentoxide and phosphine he prepared 

from the element ? 


Ans. Manufacture of white phosphorus;—A mixture of 
powdered mineral phosphate, sand and coke is fed through a 
feed-hopper into a closed electric furnace made of brick work 
provided with an outlet above for the gases and phosphorus 
vapour, a slag hole below and carbon electrodes between which 
an electric arc is struck, producing a very high temperature. 
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Fig. 130 

The silica of the sand reacts with calcium phosphate produc¬ 
ing calcium silicate and phosphorus peiitoxide, PaOs, 

0a3(PO4) 2 + SSiOa = SOaSiOa + P 2 OB 

The vapour of PaOs is then reduced by carbon and carbon 
monoxide is formed and phosphorus is set free. 

P3O5 + 6 G- 2 P + 6CO 

Calcium silicate melts and sinks to the bottom, from 
where it is run off through the slag hole. Phosijhorus vapours 
and 00 escape through the outlet near the top and are passed 
into water where P 4 vapours condense. Fresh* mixture i§ 
introduced and the process is continuous. 

Manufacture of Bed phosphorus. 

Bed phosphorus is prepared by heating white phosphorus in 
a covered cast iron vessel provided with a safety tube, out of 
contact with air, at a temp, of 240*^ - 250° in presence of a trace 
of iodine. The solid so obtained is first ground to powdN^^with 
water and then boiled with caustic soda solution to removeStfy 
unchanged white phosphorus. It is then finally washed with 
water and dried. * 

White phosphorus is converted into red phosphorus when it 
is heated to 250°C. in an inert atmosphere in presence of a trace 
of iodine. 

m 

Bed phosphorus, on the other hand, is converted into white- 
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phosphorus by heating it in an inert atmosphere to above 550*^0. 
until vapours are produced. jBy rapidly cooling the vapours 
vrhite phosphorus is obtained. 

• ( 6 ). Phosphorus pentoxide is readily prepared by burning 
dry Phosphorus in a current of excess of dry air, when the 
pentoxide condenses as a voluminous powder known as Flower 
of Phosphorus. 

4P + 502“2P205. 

Phosphine is prepared by heating white phosphorus with a 
concentrated solution of caustic soda or caustic potash in a flask 
from which air is displaced by coal gas. 

4P + 3NaOH + 3H a O « 3NaH aPO 2 + PH 3 • 

A 

Q. 8. Deseribe the preparation and properties of the following 
and state their uses :—White lead, piaster of Paris, blue vitriol, 
minium and silica gel* 

Ans. White lead. —It is manufactured by the Dutch Process 
which gives the best product. Lead grids or perforated discs of 
lead are placed above a little vinegar in small earthenware pots. 
'These pots are placed on the floor of a shed which is covered 
with spent tan-bark or horsedung. The pots are covered with 
wooden planks, on which are placed more of tan-bark or horse- 
dung and then similar pots. Successive layers of wooden planks 
and pots are placed one above the other until the shed is full. 
The whole is now allowed to stand for 6 to 10 weeks. During 
the time tan-bark or horsedung undergoes fermentation, which 
generates heat and carbon dioxide. Heat vaporises acetic acid 
which in presence of atmospheric oxygen and moisture attacks 
lead forlning* basic lead acetate. This basic acetate of lead is 
afterwards converted by CO 3 and heat generated by fermentation 
into basic lead carbonate, 2 PbC 03 , Pb(OH) 2 , regenerating 
acetic acid. The pots are then taken out, the product is ground 
to powder to remove any unchanged lead, washed with water 
and dried. 

2Pb + 2H 2 O + O 2 - 2Pb(OH)2 
Pb(OH), + 2CHaOOOH = Pb(CH,000)* + 2H jO 
2Pb(CH,COO), + PMOH). = 2Pb(CHsCOO)8, PbCOH), 
2Pb(CH»C00)!.. Pb(OH)2 + 2HsO + 2COa 

=2PbCO„ Pb(0H),+40H8C00H. 



1956] INTBBMBDIASB GHBMISTBY 659 

Properties .—White lead is amorphous white ' powdet in¬ 
soluble in water. On strong heating in contact with air it is 
converted into red lead, PbaOi. It is turned black in town 
atmosphere on account of the presence of H 2 S in town air. It 
is poisonous. . ,, 

White lead is extensively employed as a pigment. It is also 
used in the manufacture of red lead and of flint glass. * * 

Plaster of Paris — 20 aS 04 . H 2 O. It is prepared by heating 
gypsum, 0 aSO 4 . 2 H 2 O to a temperature not exceeding*. 120 *’ in 
such a fashion that it does not come into contact with carbona¬ 
ceous fuel to avoid reduction. 

20aS04.2H gO = (CaS04) s.H ^0 + 3H 2 O. • 

Properties :—Plaster of Paris is a white powder which forms 
a hard mass with water. This is known as setting of plaster of 
Paris. It is due to its hydration and conversion into Gypsum : 

(0aSO4)2, H20+3H20 = 2(CaS04, 2 H 20 ).' 

On strong heating it loses all water and becomes dead burnt ; 
then it does not set with water. 

(Ca 804 ) 2 . H 20 = 2 CaS 04 + H 30 . 

Plaster of Paris is used for making moulds in pottery works> 
in surgical bandages, and in preparing busts, statues, etc. 

Blue vitriol or copper sulphate pentahydrate, CUSO 4 , SHgO, 
can be obtained by heating metallic copper with cone. H 2 S 04 » 
when SO 2 is evolved and copper sulphate remains in solution. 

Ou + 2 H 2 SO 4 =* CUSO 4 + SO 2 + 2H aO. 

After cooling, the solution is carefully decanted off and 
diluted and filtered. On crystallising the filtrate bine crystals 
of 0 uSO 4 » 6 H 2 O are obtained. 

It is manufactured by roasting copper pyrites, Cu^S. FegSs. 
at such a temperature that On 2 S is converted into OU 8 O 4 and 
FeaSs into FeaOa. After cooling, the roasted mass is extracted 
with water. The solution is taken off, filtered, concentrated and 
cooled, when crystals of blue vitriol^ OUSO 4 . teaO, separate 
out. 

Properties -It is a blue, crystalline solid, crystallising with 
five molecules of water of crystallisation. On heating to 100°0. 
it loses 4 molecules of water and at about 230''G. it becomes 
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•anhydrous and a white powder of OUSO 4 is formed. The 
white solid turns blue on- treatment with water. .It is soluble 
In water.* On strong heating the anhydrous CUSO 4 decomposes 
leaving black GuO and evolving SO 3 . 

CUSO 4 = CuO + SO3. 

Uses : Blue vitriol is used in electroplating, electrotyping 
and in some el^tric cells. It is used in dyeing industry. 
Because of its germicidal action it is used in medicine and in 
agriculture. A spray Of mixture of copper sulphate and milk 
qf lime is used for killing moulds and fungi in vines and in 
wheat*etc. ' Anhydrous copper sulphate (white) is used for 
detecting small amounts of water present in organic liquids. 

Minium or lead is obtained when lead carbonate or lead 
bQonoxide is subjected to prolonged heating in contact with air, 
at a temperature not exceeding 460°C. 

' * 6Pb0 + 02==2Pb304« 

Properties :—It is a scarlet, crystalline powder, insoluble in 
water. On heating it decomposes above 460*0. giving lead 
monoxide and oxygen 2 Pb 304 = 6 PbO +O 2 . Dilute acids react 
with Pb 304 giving a bivalent lead compound and leaves a 
residue of Pb 02 . Gone. HGl and cone. H 2 BO 4 react with Pb 304 
on heating evolving chlorine and oxygen respectively. 

Pba O 4 + 8H01 = 3PbCl 2 + G1 2 + 4H 2 O. 

2 Pb 304 + 6 H 2 SO 4 = BPbSO* + O 2 + 6 H 2 O. 

Gone. HNOa, however, reacts only to give Pb(N 03)2 and a 
residue of brown PbOa* 

Pb304 + 4 HNO 3 - 2Pb(N03) 2 + PbOa + 2H 2 O. 

Silica gel : Preparation :—When sodium silicate solution is 
heated to 100®G. and mixed with HOI, a gelatinous ppt. of silica 
gel, SiOa, H 2 O, is obtained. On careful heating of the carefully 
collected precipitate silica gel is obtained in the solid state. 
Properties —-It is a hard, transparent solid, resembling bits of 
broken glass. It is insoluble in water, but solid powder has a 
remarkable power of absorbing moisture. 

Uses :—It is used as a dehydrating agent} for keeping 
balance cases, cupboards, etc. dry and for drying the blass of 
air used in !»last-furnaoe operation in the extraction of iron. 
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Q. 3. Alternative : 

Starting from sodium chloride^ describe how you would prepare 
eodium sulvhate, sodium carbonate, sodium hydroxide and metallic 
sodium. State the uses of these substances* 

Aus. From sodium chloride, anhydrous sodium sulphate is 
prepared by heating solid sodium chloride with strong sulphuric 
acid to a high temperature. 

2Na01 + H«S 04 "NaaSO* + 2HG1. 

The solid mass thus obtained is called salt calce, Naa^ 04 . 
When the salt cake is dissolved in water, and the solution after 
filtration is concentrated to crystallisation pdint and cooled* 
Glauber's salt or sodium sulphate decahydrate, NaaSO#, lOHaO, 
crystallises out. 

Uses : —Sodium sulphate is used for the manufacture of glass 
and in medicine as a purgative. In Leblanc's process for 
manufacture of washing soda, sodium sulphate is obtained as a 
bye-product. 

From sodium chloride, sodium carbonate can be prepared 
either by using solid sodium chloride by Leblanc’s process, but 
this process is now going to be obsolete and now-a-days sodium 
chloride solution or brine is employed in the ammonia-soda 
process or Solvay’s process for the manufacture of sodium 
carbonate from sodium chloride and that process is described 
here. 

This process is based upon the reaction between hydrogen 
ammonium carbonate, NH 4 HCO 3 and a strong solution of 
sodium chloride, according to the equation 

NH4HCO3 + NaCl - NH4CI + NaHCOa. 

The actual operation is carried out as follows :— 

Carbon dioxide is passed into a solution of common salt 
(called brine) under moderate pressure after the brine is 
saturated with ammonia gas and cooled. Carbon dioxide first 
reacts with ammonia forming ammonium bicarbonate. 

COa + NH3 + HaO = NH4HCO3/ 

The bicarbonate of ammonium then reacts with sodium 
chloride forming sodium bicarbonate and ammonium chloride by 
double decomposition. 

NH 4 HCO 3 + Naa^siNaHCOa +NH 4 CI. 


86 
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The above reaction is reversible and hence sodium chloride 
is partially converted into sodium bicarbonate. This sodium 
bicarbonate being sparingly soluble separates out, leaving the 
more soluble ammonium chloride in solution. The above 
reaction takes place most efficiently between 30®—40'^0. Sodium 
bicarbonate separating out is collected and converted into 
normaj sodium carbonate by calcination. 

2NaHC03 =Na 2 C 03 + CO 2 + H 2 O. 

4 . * 

The raw materials necessary are : (i) Brine, obtained directly 
from salt-beds, (ii) Lime-stone for generating carbon dioxide, 
the lime left being used afterwards for recovering ammonia from 
residual ammonium chloride solution, (iii) Ammonia. 

The manufacturing process consists of five operations :— 

( 1 ) Saturation of brine with ammonia in ammonia-absorbers 
fitted with cooling arrangement. 

" ( 2 ) Carbon dioxide treatment of ammoniated brine in 

Solvay’s carbonating towers under a pressure of 1—2 atmos¬ 
pheres. 

(3) Filtration of the bicarbonate separating in Solvay’s 
tpwer in vacuum filters. 

( 4 ) Calcination of the bicarbonate of sodium in order to 
get normal sodium carbonate and carbon dioxide which can be 
used over again. 

( 5 ) Recovery of ammonia from ammonium chloride solution 
by heating with lime, this ammonia being used over again. 
About 2% of ammonia is lost during working of the process 
and this is to be replaced. Hence it is found to be a self- 
contained operation and the working of the process is less costly 
in comparison to Leblanc process. 

Uses ;—Sodium carbonate is largely used in the manufacture 
of caustic soda, soap and glass, as a detergent for washing 
garments and for softening hard water. It is also used as a 
reagent in the laboratory. 

Caustic soda is now-a-days manufactured by che 
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electrolytic process from sodium chloride solution and several 
types of diaphragm cells 
are employed in its 
manufacture. The Cast* 
nor-Kellncr process is des¬ 
cribed here with the 
diaphragm cell used by 
them. Brine is electro¬ 
lysed in a rectangular 
vessel divided into three 
compartments by means 
of slate partitions. The 
partition do not actually 
touch the bottom of the vessel but dip into a layer of mercury 
which covers its floor. The two outer compartments are filled 
with hrine and are fitted with stout carbon rods which serve as 
the anodea. The cathode is a bunch of iron rods suspended in 
the middle compartment containing water to which a little 
caustic soda has been added to make it a conductor. The 
layer of mercury is electrically connected with the iron 
rods. The whole vessel rests, on one side, upon an eccentric. 
The anodes are now connected together and then with the 
positive pole of a battery, while the cathode is conJiected with 
its negative pole. The mercury is eletrically connected to the 
iron cathode. On passing electric current, chlorine <is 
evolved at the anodes and is led away by exit pipes (shown in 
the figure) for the manufacture of bleaching powder. Sodium is 
liberated on mercury serving as cathode in the outer compart¬ 
ments where it dissolves in mercury producing an amalgam. The 
amalgam is transferred to the middle compartment by giving 
a slow rocking movement to the whole vessel by the eccentric. 
Sodium reacts with water in that compartment producing 
caustic soda and hydrogen. Caustic soda solution is now taken 
out and is evaporated in iron vessels. The solid so obtained- is 
finally melted down and cast into sticks, pellets or bails. 
2Na +2H20*2NaOH + H 2 . Hydrogen escapes through the 
outlet at the top of the middle compartment. , 

Uses :—Sodium hydroxide is largely used in paper and textile 
industries, in dyeing, in refining oils, in the manufacture of 
hard soap, and for the preparation of metallic sodium. It is 
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also used for the preparation of artificial silki and as a labora¬ 
tory reagent. 

(d) Sodium is obtained from common salt by the electrolytic 
process as applied to fused common salt. 

In the Down’s cell, the operation is carried out by introduce 
ing sodium chloride or common salt mixed with sodium fluoride 
or GaGla to lower its melting point through an opening h at the 
top and fused by heating. The carbon anode a is introduced 
through the base and is surrounded by a cylindrical iron cathode 
G. At the top of the anode there is a dome-shaped hood A for 
leading away the chlorine. The cathode is surrounded by an 
iron wire-gauze mantle at the top of which is a vertical pipe P 
communicating with a closed vessel B. Gurrent is now passed 
through'the molten electrolyte, when NaGl alone is decomposed 
but' not NaF or GaGU. Ghlorine evolved at the anode escapes 
through A, whereas sodium liberated at the cathode collects 

ic=- 



Fig. 132 

inside the mantle inverted over G. Gradually the level of sodium 
rises in the pipe P and ultimately it flows into the reservoir K. 

UsBs :—Metallic sodium is used in the preparation of sodium 
peroxide, sodium cyanide, in the manufacture of some organic 
compounds and as a reducing agent, particularly in the extrac* 
tion of Magnesium, Aluminium, Boron and Silicon. Sodium in 
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the form of wire is used for removiufj the last trace of water from' 
alcohol and ether. An alloy of sodium and potaashim is used 
in high-temperature thermometers.-In -Organic analysis, metallic 
sodium is used in the laboratory for. the detection of different 
elements in Organic compounds. . • . . 

Q. 4. Describe the action of (a) air; (b) 'water, (o) dilute^ 
nitric acidt and {d) dilute sulphuric acid on the following metals : 
sodium, aluminium, iron and tin. G^ive equations where 
necessary-^ 

(a) Action of air on 

Sodium : —Perfectly dry air has no action on sodium. Moist 
air containing carbon dioxide first tarnishes the fresh surface 
of sodium to a film of the monoxide, which now reacts with th» 
moisture present in air giving sodium hydroxide, NaOH ; this. 
NaOH absorbs atmospheric OOa yielding NagOOs. When heated 
in air, sodium burns with a golden yellow flame, forming the 
monoxide and the peroxide. 

4Na + Oa = SNagO. 

2Na + Oa “NaaOa- 

Aluminium : —^Dry air has no action on metallic aluminium ; 
moist air produces a thin coating of the oxide AI 9 O 3 which 
protects the metal from further action. When strongly heated 
in air, aluminium burns brilliantly giving mainly AlaOs. 

AAl + 30a —SAlaOa. 

Iron : —Dry air has no action on iron at the ordinary 
temperature but it is converted by moist air and atuKispheric 
carbon dioxide into 7'u$t, a hydrated oxide of iron, FeaOa. 
H 2 O. When heated to a high temperature it burns in oxygen of 
air brilliantly, throwing out sparks of FosO^. 

3Fe + 2 O 2 “ F 03 O 4 . 

Tin ;—Dry air has no action on the metal. It also remains 
unchanged in moist air at the ordinary temperature, but it 
becomes covered with a thin crust of oxide when exposed to 
air in the fused condition. When heated to white heat in air, 
tin burns with a white light producing stannic oxide, SnOa* 

Sn4 Oa ®=Sn02. 

(6) Action of water on :— 

Sodium : —Sodium decomposes water at the ordinary tern- 
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perature, evolving hydrogen and forming sodium hydroxide in 
solution* 

2Na + 2 H 2 O *=» 2NaOH + H 2 . 

Aluminium : —Aluminium powder or aluminium amalgam 
reacts with boiling water, evolving hydrogen as gas and forming 
insoluble aluminium hydroxide. 

. * 2A1 + 6H20 = 2A1(0H)3 + 3H2. 

Iron : —When water in the form of steam is passed over red- 
hot iron, hydrogen is liberated as gas and ferrosoferric oxide is 
‘ produced in the solid state. 

3Fe + 4 II 2 O * FeaOi + 4 H 2 . 

Tin : —Tin does not react with water, particularly when both 
are pure. 

(c) Action of dilute nitric acid on :— 

Sodium : —Sodium reacts with dilute nitric acid forming 
sodium nitrate and evolving oxides of nitrogen and forming even 
a little ammonium nitrate. 

Aluminium :—When metallic aluminium is placed in dilute 
nitric acid, the reaction starts slowly at first, but no gas is 
evolved and ultimately the reaction stops. 

Iron :—Iron reacts with dilute nitric acid, forming a solution 
of ferrous nitrate and ammonium nitrate. 

4Fe + IOHNO 3 - 4 Fe(N 03)2 + 3 H 2 O+ NH 4 NO 3 . 

Tin :—When cold and dilute nitric acid reacts with tin, 
stannous nitrate and ammonium nitrate are formed in solution. 

4Sn + IOHNO 3 - 4 Sn(N 03)2 + 3 H 2 O + NH 4 NO 3 . 

(d) Action of dilute sulphtiric acid on :— 

Sodium : —Sodium reacts with dilute sulphuric acid in the 
cold forming sodium sulphate and evolving hydrogen. 

2Na + H2SO4 - NagSO.! + Ha. 

Aluminium : —Aluminium reacts with dilute sulphuric acid: 
in the cold, forming aluminium sulphate in solution and evolv¬ 
ing hydrogen as gas. 

2A1 + 3n2S04 = AIo(ft04)3 + 3 H 2 . 

Iron :—Iron reacts with dilute sulphuric acid in the cold. 
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forming ferrous sulphate in solution and evolving hydrogen as 
gas. 

Fe + HaSO^^FeSOi+Ha. 

Tin :—Tin reacts only slowly with dilute sulphuric acid in 
the cold, giving stannous sulphate in solution and evolving hy¬ 
drogen as gas. 

Sn + HoS 04 = SnSO* + Ha. 

f 

Q. 4. Alternative :— 

(i) Compare the physical and chemical prcperliefi of the ele¬ 
ment magnesium, calcium, and zinc, illustrating your ansioer 
with reference to their oxides, hydroxides and sulphates, 

(ii) You are given a white powder, tohich may he an oxide of 
calcium, magnesiicm or zinc. Describe kow ymi woidd proceed to 
identify the substance. 

Aus, (i) All those elements are white metals with densities, 
Mg r74, Oa r55 and Zn 7*1. They are all good conductors of 
heat and electricity. All these elements show uniform 
valoncy of 2 in their compounds. Magnesium and calcium are 
prepared by the electrolysis of their fused chlorides, whereas 
zinc is obtained by the reduction of its oxide by carbon. 

Magnesium slowly tarnishes in air and burns in air to MgO 
and Mg 3 N 3 and when heated decomposes steam ; calcium readily 
tarnishes in air and burns in air when heated to CaO and Oa^Nz 
and is capable of decomposing cold water ; zinc also slowly 
tarnishes in air and burns when strongly heated in air only to 
ZnO and when heated decomposes steam. All the three ^.lements 
dissolve in dilute acids with the liberation of hydrogen. 
Magnesium gives rise to a very stable oxide, non-reducible at 
furnace temperature by C or hydrogen ; this oxide is a weak 
base and dissolves in 50,000 parts of water. Calcium forms a 
very stable oxide, also incapable of being reduced to metal by 
0 or hydrogen ; this oxide is a strong base and dissolves in 
400 parts of water. Zinc, on the other hand, forms a stable 
oxide, but this oxide can bo reduced by carbon j also this oxide 
is amphoteric in character and dissolves in •250,000 parts of 
water. Magnesium forms a deliquescent solid chloride of the 
formula MgCla, BUgO which is hydrolysed to MgO on ignition : 
MgCla, 6H20~Mg0 + 2HGl + 5U20. Calcium forms a chloride 
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which is also a deliquescent- solid, crystallising with 6 molecules 
of water (OaOU, 6 H 2 O). This chloride is only slightly hydro¬ 
lysed on ignition. Zinc gives a deliquescent solid chloride, 
ZnOlg, H 2 O which is hydrolysed to ZnO on ignition • ZnCl 2 , 
H 2 O — ZnO + 2HGr. Magnesium forms a sulphate, MgSO^, 7 H 2 O 
isomorphous with zinc sulphate ZnSOi, 7 H 2 O. The sulphates 
of Mg and Zn dissolve in 4 parts and 0*76 parts of water respec¬ 
tively, Both of them form double salts of the type (NH 4 ) 2 S 04 , 
MgSO*, 6 H 2 O and K 2 SO 4 , ZnSO*, 6 H 2 O. Calcium on the 
other hand, forms a sulphate, GaS 04 , 2 H 2 O, sparingly soluble 
in water, l*part dissolving in 400 parts of water. 

(ii) (a) The oxide can be identified in the dry way by 
heating it on charcoal under 'the oxidising blowpipe fiame, 
when it begins to glow. The residual white solid is then treated 
with a drop of cobalt nitrate solution and heated again under the 
oxidising blowpipe fiame. If the residual mass is green, the 
orginal white powder is zinc oxide ; if the residual mass is pink, 
the original white powder is magnasium oxide ; when the 
residual mass is grey, the original white powder is calcium 
oxide. 

(b) In the wet way the procedure for identification of the 
oxide is as follows :— 

The oxide is-dissolved in dilute HCl. The solution so obtained 
is treated with a little more HGl and heated to boiling. 
Through the boiling solution H 2 S is passed in. No precipitate 
is formed. H2S is then boiled off, a drop of HNOs added to it 
and the mixture heated to boiling. Then solid NH4CI and 
NH4OH are added to the solution till the smell of ammonia 
persists. No precipitate appears at this stage on heating. 
Next H 2 S is passed through the solution. If any white precipi¬ 
tate appears, then the oxide is of zinc. If no precipitate is 
formed at this stage, H2S is boiled off and then NH4OH 
and (NH 4 ) 2 C 03 added to the cooied solution. If any 
white precipitate is formed at this stage, then the original oxide 
is of calcium. If no precipitate is formed even now, to the clear 
solution disodium hydrogen phosphates is added and the mixture 
vigorously shaken and the side of the vessel is scratched with a 
glass rod. Appearance of white crystalline precipitate confirms 
that the original white powder is magnesium oxide. 
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Q. 5. Name the principal mineral sources of iron. Describe 
briefly the hlasUfumace process of manufacturing iron^ explaining 
clearly the chemical reactions that occur inside the furnace. ' 

Give an account of the properties'of cast iron^ wrougfit iron and 
steely stakng the difference in their composition. 

Starting from iron^ describe the preparation of ferrous sulphate* 
and ferric chloride. 

Ans. The important mineral sources of iron are : 

(1) Red haematite, Fe^Oa 

(2) Brown haematite or Limonite, 2Fe20s, SH-aO 

(3) Magnetite or Magnetic iron ore, FeaO^ * ' 

(4) Spathic iron ore or Siderite, FeOOa. 

Pig iron or Cast iron is manufactured from iron ores like 
haematite or spathic iron ore by the blast-furnace process. 

The extraction consists of two operations, viz., (l) roasting 
the ore in air in order to drive off water and COa, so as to obtain 
porous ferric oxide, and (2) reducing the oxide ^ith coke using 
lime-stone as a flux in the blast-furnace. 



Fig. 133 

A blast furnace is from 80 to 100 ft. high and 15 to 20 feet 
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^ide at the broadest part (Fig. 188). It is made of steel, aod 
lined inside with fire bricks. The top of the furnace is closed by 
a cup-and‘cone arrangement which can be opened or closed at 
will by means of a lever. There is a flue near the top for escape 
of hot gases from the furnace. Near the base of the furnace, hot 
and dry air at about 700® - 800®C. is forced in under pressure 
through water-cooled pipes called tuy&res. The blast of air is 
heated by passing through loose brick work (Oowper’s stove) 
raised to a high temp, by combustion of waste gases drawn from 
the flue near the top of the furnace. The roasted ore, coke and 
limestone in right proportions are introduced into the furnace by 
lowering the cone. The furnace is first started by burning wood 
in the hearth of the furnace and feeding in coke only and turn¬ 
ing on the blast at a slow rate. Ascending streams of carbon 
monoxide, formed by the action of air from the hot blast upon 
coke, reduces the descending oxide of iron to the metallic state. 

• The following reactions take xdace :— 

C + 02=C02 
CaCOa ~ CaO “h CO2 
CO2 + C-2CO 
Fe^Oa + 3 CO = 2Fe + 3OO2 
CaO + SiOs^CaSiOs 

This reduction which is almost but never complete takes 
place near the top of the furnace where the temp, is about fiOO'^O. 
The almost wholly reduced spongy mass of metallic iron gradu¬ 
ally passes down the furnacoi and becomes heated to a higher 
temperature, and finally, when the hottest part, just below the 
boshes (i. e., the widest part of the furnace), is reached where the 
temp, is about lOOO'C., the iron is permeated by carbon obtained 
from the decomposition of carbon monoxide, gets itself complete¬ 
ly reduced and combining with some amount of carbon forms 
cast iron and then it begins to melt, the melting point being 
much lower than that of pure iron. 

Below this point the metal absorbs sulphur from the coko 
and i)hos]dioru3 and silicon from the impurities present 
in the ore and limestone. Flowing down as it moves to the 
hearth, it completely melts and the molten mass runs down into 
the bottom, or the hearth. The limestone parts with the carbon 
dioxide, and the lime formed combines with the siliceous impuri- 
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ties (silica and alumina) present in the ore to form a fusible 
slag (calcium aluminium silicate). The lighter slag floats on the 
surface of the molten iron and hi'otects it from the oxidising 
action of the blast. As the slag reaches a certain height, rt runs- 
out through certain openings known as slag holes and the molten 
iron is run o5f at suitable intervals through the tap-hole and 
allowed to flow into moulds of sand. Iron, thus obtained in tho 
form of bars, is known as pig-iron or cast-iron, ^ * 

By supplying fresh charges at the top and drawing off the 
slag and the metal through the slag hole and the tap-hole res¬ 
pectively near the bottom at regulated intervals, a blast-furnace 
once started goes on working days and nights, months and years 
without cessation until it requires repair or gets damaged beyond 
repair. 

The main point of difference between pig-iron, steel and 
wrought iron is in their carbon content. Cast-iron contains the 
highest proportion of carbon, viz., 2-6%, steel contains 0*25 to 
1*6% carbon whereas wrought iron is the purest form of 
commercial iron and contains only 0*12 to 0*25 per cent, of 
carbon. Besides cast-iron is the impurest form of commercial 
iron and it contains also S, P, Mn, Si, etc. as impurities. The 
main differences in properties of cast-iron, wrought iron and 
steel are tabulated below :— 


Properties. 

Cast Iron 

Wrought Iron 

Steel 

1. Carbon 

content 

to 

1 

1 

012 - 0‘255!; 

0‘25 -1'5% 

2. Impurities 

Contains other 

Purest form 

' Intermediate in 


impurties like 

of commercial 

purity between 

i 

1 

1 

1 

i 

Si. Mn, P. S, 
etc. 

1 

1 

iron. 

i 

i 

■ 

1 

1 

1 

1 

Cast iron and 
Wrought iron, 
and contains 
intentionally 
added impurities 
like Ni, Cr, etc. 
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Properties 

Cast Iron 

Wrought Iron 

Steel 

3. Hardness 

Hard 

Soft 

Hard and soft 

4. Malleability 

Brittle 

Malleable 

Malleable and 
brittle 

< 6 . Appearance 

Crystalline 

• 

Fibrous 

1 Crystalline 

Tempering 

■ tt 

Cannot be 
tempered 

Can not be 
tempered 

Can he 
tempered 

7. Magnetisa¬ 
tion 

1 

^ * 

.Cannot be per¬ 
manently mag¬ 
netised. 

Cannot be 

permanently 

magnetised 

Can be perma¬ 
nently magne¬ 
tised 


Ferrous sulphate from'metallic iron : 

, Metallic iron is dissolved in dilute sulphuric acid, the 
solution is filtered and the filtered solution is concentrated by 
evaporation out of contact with air. 

Fe+H 2 S 04 = FeS0*+H2. 

On crystallisation, crystals having the composition FeSO*, 
7 H 2 O separate out. 

Fdrric chloride from metallic iron ; 

Ferric chloride is known both in the anhydrous state (FeCls) 
and in the hydrated condition (FeClsi 6 H 2 O). 

Anhydrous ferric chloride can be obtained from metallic iron 
by passing a current of dry chlorine over heated (900®—1000*0.) 
metallic iron in the form of wires taken in a hard glass tube 
which is connected to a receiver. Black FeCls collects inside 
the receiver. 

2 Fe "t" 301 3 ** FosOls • 

Hydrated ferric chloride is prepared by dissolving metallic 
iron in aqua regia, filtering the solution and then evaporating 
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the filtered solution to crystallisation when 'yellow crystals o£ 
hydrated ferric chloride separate out. . HNO 3 + SHCl 
2 H 2 O + NOCI + 2 OI 

nascent 

Fe 301 FeOls* 
nascent. 


First Paper, 1957 

Q. 1. Explain and illustrate the following :— 

{a) Allotropyt (b) equivalent weight,'{c) valency, (d) atomia 
weight. 

Ans. (a) Allotropy :—The property possessed by certain, 
elements to occur in two or more forms, differing in physical 
and to some extent in chemical properties, is known as Allotropy 
or Allotropism. The less common forms are called the allotropio 
modifications of the common form. 

Thus carbon occurs in several forms in nature e.g., diamond, 
graphite, coal, coke, charcoal, lamp-black, gas-carbon etc. 0£ 
these charcoal and coal are the more common forms and 
diamond, graphite, etc., are called the allotropic modifications of 
charcoal and coal. 

% 

(6) Chemical equivalent or the equivalent weight of ati 
element is that weight of it which combines with or displaces 
from a compound one part by weight of hydrogen or 8 parts by 
weight of oxygen or 35'5 parts by weight of chlorine. It is a 
mere number, since it can be expressed as 

. . wt. of the elem e nt in certain u nit 

Chemical equivalent — hydrogen displaced by or com¬ 

bined with the given wt. of the 
element in same unit. 

Thus, 12 parts by wt. of Magnesium can displace 1 part by . 
weight of hydrogen. 

Hence 12 is the chemical equivalent of Mg. 

In the case of a compound its chemical equivalent or equi” 
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Talent is that weight of the compound which contains hydrogen 
equivalent of the active element present in the compound. Thus, 
in Na2C03,46 parts by wt. of Na are present in 106 parts by wt. 
of NaaOOs. But tho hydrogen equivalent of sodium is 23. 
Hence the equivalent of sodium carbonate is x 23 or 53 parts 
by weight. 

(c) Valency of an element is its combining capacity with 
-other elements and is expressed as a number which indicates the 
number of hydrogen atoms or chlorine atoms with which one 
atom of the said element can combine. 

Thus the valency of carbon is four, meaning thereby that 
one atom of carbon combines with four atoms of hydrogen. 
Similarly the valency of nitrogen is three, since its hydrogen 
compound is NHa. 

(d) . The atomic weight of an element is a number 
expressing the relative weight of an atom of the element 
with respect to the weight of an atom of hydrogen. Thus, 
when we say that the atomic weight of chlorine is 35*6, we 
mean that the weight of one atom of chlorine is 36*5 times the 
weight of an atom hydrogen. 

wt. o f 1 atom of chlorine 
^®’wt. of 1 atom of hydrogen *^* 

4 

Hydrogen 'was taken as the standard in expressing the atomic 
weights of elements in terms of its atomic weight, because it is 
the lightest element known. But the hydrogen standard of the 
atomic weights of elements, which was strongly advocated by 
Proust, was to be given up on account of several complications, 
and in its place oxygen with an atomic weight value 16*00 has 
been accepted as the standard of atomic weights. On that 
basis, when we speak of the atomic weight of chlorine to be 
36*46, we mean 

wt. of 1 atom of chlorine ^ ^ 

-j-X 16*35*46. 

wt. of 1 atom of oxygen 

N. B. There is a slight difference in the atomic weight 
values of different elements on the hydrogen standard and 
on the oxygen standard, since on the basis of 0 = 16, H =* 1*008 
and not 1, as it was used in the hydrogen standard of atomic 
weights. 
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Q. 2 . What are the sources of Iodine ? Describe hoto it is 
manufactured and purified. State its use and its important 
chemical properties. 

Ans. The chief sources of iodine are :—(1) sea-weeds, 
particularly deep-sea-weeds which are drifted ashore during 
storms ; ( 2 ) Chile salt-petre or caliche", NaNOa, which, contains 
sodium iodate, NalOa, in very small amount as impurity ; ( 3 ) 
petroleum brine. 

In France, Great Britain and Japan, iodine is obtained, 
from sea-weed and for the purpose deep-sea-weeds (somewhat 
rich in iodine) which are drifted ashore due to storms are 
first collected and then dried. The driecl weeds ar^ next care¬ 
fully burnt taking precautions, so that no iodine is lost by 
decomposition and volatilisation. The ash so obtained is called 
kelp. It contains alkali metal iodides together with chlorides, 
sulphates, carbonates, etc. This kelp is next lixiviated with 
water in iron tanks heated by steam and the solution concen¬ 
trated in iron pans and allowed to crystallise. At this stage 
sulphates, chlorides, etc. of alkali metals crystallise out. The 
mother-liquor, obtained after removal of these crystallised 
products, containing the iodides of Na and K and a little 
bromide, etc. is mixed with H 2 SO 4 when sulphur from sulphides 
present in solution separates out. This sulphur is allowed to 
settle and the clear liquid from the top is taken in iron stills 
having lead still-heads and provided with earthenware receivers 
'Called aludels or udels. 



Fig. 134 

In those iron stills the liquid is mixed with Mn 02 and 
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cone. H 2 S 04 and heated, when iodine is liherated and sublimes 
off and collects inside the aludels, 

. 2NaI + 3H aSO^ + MnOa = I 2 + 2 NaHS 04 + MoSOa + 2H gO 

The commercial product so obtained contains moisture,, 
and free or combined chlorine or bromine. To get pure iodine, 
the commercial iodine is first .ground with fresh lime (to 
remove moisture) and a little potassium iodide (to drive off 
chlorine and bromine). The mixture so obtained is then taken 
in a' large-size beaker covered with a flask containing cold 
water. It is then heated when iodine sublimes and condenses 
on the bottom of the fiask as fine, lustrous crystals. 

Proper^trs.—Iodine- is a steel-grey solid having metallic 
lusture. It crystallizes in plates. The odour of iodine vapour 
is characteristic and it somewhat resembles that of chlorine. 
When heated quickly iodine sublimes, giving violet vapours. 
Upto 700*0. the density of iodine vapour corresponds to the 
molecular formula Ig. Above this temperature, the density 
gradually decreases until at 1700*0 it becomes one half of its 
original value, showing thereby that dissociation into 
monatomic molecules is complete at this temperature. 

Iodine is very slightly soluble in water. But it freely dis¬ 
solves in organic solvents like chloroform, benzene and carbon 
disulphide giving violet solutions, and in alcohol and ether, 
giving brown solutions. It is very soluble in an aqueous solu¬ 
tion of potassium iodide owing to the formation of potassium 
fri-iodide, KIs- In this case also the colour of tho solution is 
brown. 

KI + Ig^^KIa. 

It combines directly with Hydrogen when the mixture of 
the two is passed over heated spongy platinum. 

Ha+Ig = 2HL 

Iodine also combines directly with many metals like Na, 
Hg. etc., and also with many non-metals like P. It is the 
heaviest halogen known and as such its reactivity is found to 
he less than that of chlorine or bromine. It dissolves in cold 
and dilute KOH solution giving KI and KOI which is readily 
hydrolysed to hypoiodous acid HOI- With hot and strong 
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KOH solution. Iodine gives KI and ElOs. 6KOH + 3 I 2 6KI 

H-KlOa+SHaO. 

Iodine acts as a mild oxidising agent; thus it * oxidises 
HaS to S. 

I3+H8S = 2HI + S. 

It also oxidises SO 2 in presence of water to H 2 SO 4 ** 

SO 2 +13 + 2H80 « 2HI + H 3 SO 4 . 

It attacks the skin, possesses practically no bleaching 
properties and turns starch solution blue. .. » 

Uses, Iodine is used in medicine as thtcPure of iodine (used 
for reducing swellings and as a germicide*) and internally in 
minute doses in cases of goitre. It is also used in the manu¬ 
facture of dyes, iodoform, KI, Nal,. Agl etc. It is also used in 
the laboratory in chemical analysis. 

Q. 3. Describe koto ozone can he prepared and purified* Qtat‘e 
its tise and how you would determine its composition. 

Ans. Ozone is most conveniently obtained in the laboratory 
in Siomen’s Ozoniser by subjecting a stream of dry Oxygen to 
silent electric discharge. The Ozoniser consists of two concentric 
tubes, the inner tube is coated in the inner surface with tinfoil 
in metallic contact with one terminal ; the outer tube is coated 
on the outer surface with tinfoil in metallic contact with the 
other terminal. The two terminals are connected to an induction 
coil. A slow stream of dry O^ is passed through the annular 
space between the concentric tubes and is exposed to the action 
of silent electric discharge. The gas coming out contains 3 tojS^ 
of Ozone. 
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Ozone can- be purified by passing the ozonised oxygen 
through a TJ*tube immersed in liquid air, when a blue liquid is 
obtained. The pressure above the liquid is then reduced whereby 
the .liquid separates into two layers. The lower layer is a 
solution of liquid oxygen in liquid ozone and by subjecting this 
layer to-fractional evaporation, pure ozone is obtained. 

‘ Uaes of ozone :—(1) The chief use of ozone is for sterilizing 
watdr‘and air. The drinking-water supply in some of the 
(European cities is sterilized by treatment with ozone. The air 
of crowded rooms and of underground railways is purified by 
means of ozonised oxygen. 

( 2 ) Ozone is also used for bleaching oils, flour, starchi etc. 

( 3 ) It is now commercially employed for oxidation of 
organic compounds and of potassium manganate to potassium 
permanganate. 

Composition of Ozone and its Chemical formula :— 

This may be proved experimentally in the following manner : 

The contraction in volume on ozonis¬ 
ing a known volume of oxygen is 
measured. The ozone is then absorb¬ 
ed by turpentine, and the further 
diminution in volume is noted. From 
these two data the composition of 
Ozone can be deduced and hence its 
molecular formula. 

The apparatus for studying these 
volume changes is shown in the 
adjoining figure. It is devised by 
Newth. 

It consists of two concentric glass 
tubes, the inner tube fitted into the 
outer tube by a ground glass joint. 
The inner tube, which is nothing but 
an elongated hollow stopper, con¬ 
tains dilute H 2 SO 4 and the appara¬ 
tus, previously filled with dry oxygen, 
is placed in a jar of water and crushed 
ice. Two platinum wires are dipped into the two liquids, one in 
dilute H 2 SO 4 in tlie hollow stopper, and the other in the jar 



Fig. 136 
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containing iced water and are connected with the terminals of an 
induction coil. The turpentine is contained in a little sealed thin 
glass tube, almost capillary in bore, which is held in position 
between four little projecting glass points upon the hollow stopper 
and the outer tube. A manometer, containing concentrated sul¬ 
phuric acid coloured with indigo, is in communication with the 
apparatus. The levels are adjusted, and the oxygen is ozonised 
by passing the electric discharge. A contraction in the vpjume 
results. When sufficient contraction has taken place, the 
discharge is interrupted, the apparatus is allowed to cool and' 
the contraction is read off on the manometer gauge* The hollow 
stopper is then twisted, so as to break the tube of turpentine, and 
after absorption of ozone is complete, the further contraction is 
road off. 

Experimental Besnlts : 

1st contraction on ozonisation — a? c.c. 

2nd contraction on absorption of 
Ozone by turpentine = 2 ® c c. 
total diminution in volume of 
Oxygen at the end of the experiment = 3® c. c. 

And the volume of Ozone formed = 2a; c. c. 

Hence we conclude that 3 vols. of oxygen condense to give 
2 vols. of ozone. 

Let n be the number of molecules present in one volume of 
ozone. Then, by Avogadro’s hypothesis, we get 3n molecules of 
oxygen condense into 2 n molecules of ozone. ’ 

Ovt 3 molecules or 6 atoms of oxygen condense into 
2 molecules of ozone, since oxygen molecule is diatomic. ^ 

Hence the molecule of ozone consists of 3 atoms of oxygen 
and its formula is O 3 . 

Q. 4. State Avogadros hypothesis. Discuss how it has proved 
very useful m the determination of the atomic and mohcular 
weight of gases. 

¥ 

Ans. Avogadro’s Hypothesis or Law :—Equal volumes of all 
gases, whether elementary or compound, contain identical 
number of molecules under the same conditions of temperature 
and pressure. 
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Prom Avogadro*8 hypothesis it is deduced that the molecular 
weight of any gas is .twice its vapour density. So from deter¬ 
mination of the vapour density of gases their molecular weights 
can be. calculated. Determination of vapour density of 
gases is carried out by Dumas' method from the relation 

Denftitv = —- the volumes being measured 

at the same temperature and pressure. Next, atomic weight of 
an element being the smallest weight of it found in the molecular 
weight of any of its compounds, the determination of the 
molecular weights of several gaseous compounds of the element 
and the subsequent determination, by analysis, of the amounta 
of the element present in molecular weights of those gaseous 
compounds, help in finding out the atomic weight of the element 
in question. Thus, in case of the gaseous element nitrogen, 
several gaseous compounds of the element are taken, e.g., nitrous 
oxide, nitric oxide, ammonia. The vapour densities of the 
compounds are experimentally determined and next their 
molecular weights are calculated from the relation M“2D. 
Then, by analysis, the percentages of nitrogen present in those 
compounds are found out and by calculation the amounts of 
nitrogen present in molecular weights of those gaseous com- 
pound^ are calculated. From the numbers so found out, the 
smallest one is chosen to be the atomic weight of nitrogen. This 
procedure is tabulated below :— 


Compound 

Vapour 

density 

(Expt.) 

Molecular 

weight 

(Calc.) 

Percentage 
of nitrogen 
(Expt.) 

Amount of N, 
j present in mole- 
1 cular weight 
(Calc.) 

Nitrons oxide 

22 

44 

63’6 

28 

Nitric oxide 

15 

30 

46*6 

14 

Ammonia 

8-5 

17 

82‘35 

14 


Thus 14, being the smallest weight of nitrogen found in the 
molecular weights of its several gaseous compounds, is accepted 
as. its atomic weight. 
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Thus Avogadro’s hypothesis has proved very useful in the 
'determination of the molecular and atomic weights of gases. 

Q. 6. Ho 20 would you distinguish (a) nitrogen peroxide from 
bromine vapour, (b) Glz from SOz* (c) 0^ from Os and (d) NzO 
from N0 ^ Give two tests in each case. 

^sns. (a) («) When passed into water, nitrogen peroxide a 
reddish-brown gas, dissolves forming a colourless solution. The 
solution contains nitric and nitrous acids and so it turns blue 
litmus paper red. 

QNOs + HaO - HNOs + HKOa. 

Bromine vapour, which is also reddish-brown in colour, dissolves 
in water, giving an orange solution which bleaches the colour of 
blue litmus paper. 

(jii) When nitrogen peroxide is passed over heated metallic 
•copper, nitrogen gas is set free which can be collected by 
displacement of water by making suitable arrangement for the 
same. 

4Cu + 2N02=4Cu0 + Na. 

When bromine vapour is passed over heated metallic coi)j)er, nO; 
gas is set free ; only cupric bromide (a green solid) is formed. 

Cu + Bra—CuBrg. • 

ih) (i) When Ola is passed into KMnOi solution, acidified 
with II 2 SO 4 , for a time, the purple colour of the permanganate 
solution is not discharged. But when SO 2 is passed into KlMn 04 
solution, acidified with H 2 BO 4 , the purple colour is discharged 
duo to the formation of manganous sulphate- and potassium 
sulphate by reduction. 

2KM:n04+5S0a + 2H20 

= K2SO4 + 2 MnS 04 + 2H2SO4. 

(ii) When passed into water, 01 2 gives rise to a greenish- 
yellow solution (chlorine water). SO 2 , on the other hand, gives 
rise to a colourless solution. 

» 

Also, colour and smell may be made the basis of distinction 
•of the two gases* 

(c) (0 Oxygen is passed into potassium iodide solution acidi¬ 
fied with H 2 SO 4 , when no iodine is liberated and the solution 
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remains colourless as at the start. But on passing O 3 into acidi¬ 
fied KI solution, iodine is liberated, turning the solution brown. 

2KI + Oa'+HaSOi = KaSO* + HaO +la + O 2 . 

(ii) A filter paper is soaked in lead acetate solution and is 
next held before a current of HaB issuing from a Kipp's appara¬ 
tus. Black lead sulphide is thus formed on the filter paper. A 
’ current of Oa.is then passed over the blackened filter paper. No 
change ^in colour takes place even after a long time. Next a 
current of O 3 is passed over the black lead sulphide on the filter 
paper. The black colour changes to white due to the formation 
of PbS 04 by o^tidation of PbS* 

PbS + 403-PbS04+402. 

{d) {i) When a jar of NaO is exposed to air, no change is 
observed, but when a jar of NO is exposed to air, brown fumes 
of NO» at once apx)ear. 

2N0 + O2=2NOa. 

(m) a glowing chip of wood is introduced into a jar of N 2 O ; 
it bursts into flame ; but when introduced into a jar of NO, the 
glow is extinguished. 

Also NaO and NO can be distinguished by inverting the jars 
containing the two gases respectively over a trough of cold 
water, when N 2 O alone will pass into solution and water will 
gradually rise in the jar containing it ; NO is insoluble in water 
and so no water will rise in the jar containing NO. 

Q. 6 . Describe how you loould pr&pai-e hydrogen fluoHde and 
dry il. State its use and important chemical properties^ 

Ans. Aqueous solution of hydrofluoric acid can be obtained 
by mixing powdered fluorspar (CaF 2 ) with cone. H 2 SO 4 and 

then gently warming the mixture in a lead retort^ when HF 
vapour is given off. The gaseous acid is then passed into water 
contained in lead bottles. The aqueous hydrofluoric acid so- 
obtained is sent into the market in gutta-percha bottles. 

CaF 2 + H 2 SO 4 = 0 aS 04 + 2HF. 

Anhydrous hydrofluoric acid is prepared from potassium 
hydrogen fluoride KHF 2 , called Fremys salt. This substance- 
ds prepared from aqueous HF. For the purpose the aqueous 
solution of HF is divided into two parts. One portion ia 
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neutralised with K 2 GO 8 and other portion is added to. the 
neutral liquid. The liquid is then evaporated, in a Pt-dish, when 
crystals of Fremy's salt, KHF 9 , are obtained. These crystals 
are first dried thoroughly before it can be used for preparing 
anhydrous HF. Thoroughly dried KHF 9 , is taken in a platinnm 
retort, connected with a platinum U-tube by means of a long 
platinum tube, The tubes are kept imndersed in a freezing 
mixture of salt and ice. The retort is next heated when iCHF^ ’ 
first melts and then decomposes giving off HF (boiling point 
19*6®0). This HF condenses to a liquid in platinum ij-tuhe. 

KHFa^KF + HF. 

• 

The liquid is taken out and electric current is’ applied to it. 
So long as there is any moisture current flows and water 
decomposes evolving hydrogen and oxygen. As soon as the 
acid becomes perfectly anhydrous, the flow of current stops and 
electrical connections are removed and perfectly anhydrous HF 
is bottled in gutta>percha bottles. 



Thus we have seen that in the preparation of aqueous HF 
lead vessels are employed, but in the preparation of anhydrous 
acid platinum vessels are employed. 

Uses of HF ’—Hydrofluoric acid is used for etching designs 
on glass. On account of its sterilising properties, it is used for 
sterilising casks of wines as also for destroying wild yeast in 
the brewing industry. It is also employed for removing silica 
from iron castings, for boring holes in petroleum mines and 
as an analytical reagent in the laboratory. 



584 


C. tJ. QUESTIONS WITH ANSWEBS ON 


[1967 


Important chemical properties :— 

The acid is highly corrosive. It attacks many metals. Metals 
like sodium and potassium ‘dissolve in the pure acid with the 
formation of their fluorides and evolution of hydrogen. 

*• ’ 2K+2HF«2KF + Ha. 

Silver and copper dissolves in the aqueous solution of the acid. 
The acid dissolves silica (SiOa) with the production of silicon 
tetrafluoride and water : 

SiO 2 + 4HF = 8iF4 + 2H aO. 

This is the reason why hydrogen fluoride corrodes glass and 
porcelain which consist of silicates. 

' The acid also attacks organicsubstances like cotton, silk, 
gums, etc. 

Q. 7. State what happens, wh&n bromine in added (a) to a 
solution of hot KOH, {h) to a solution of ferrous sulphate ; when 
(c) SO a is. mixed with moist II and (d) SO a is passed tJiroufjh 
a solfii^n of KMnO^,. Gtve equations for the above reactions. 

'^"vkns. (a) Bromine reacts with hot KOH solution forming 
potassium bromate and potassium bromide in solution. 

6KOH + 3Br a = KBrOa + 5KBr + SHaO. 

The^alkaline reaction of the solution is destroyed. 

\^) Ferrous sulphate is oxidised by bromine in aqueous solu¬ 
tion into ferric sulphate and at the same time ferric bromide is 
formed. Both the ferric salts remain in aqueous solution. So 
the colour of the solution changes from green to yellow. 

6FeS04 + SBra = 2 Fe 2 (S 04)3 + 2FeBr3. 

(c) SOa oxidises HaS to sulphur and is itself reduced to 
sulphur. So sulphur is deposited as a yellow solid. 

2H2S + S02*2H20 + 3S. 

(d) The purple colour of permanganate solution is destroyed, 
SOa reduces KMn 04 to manganous sulphate and potassium 
sulphate and sulphuric acid is produced in solution by the 
oxidation of SOa by KMn 04 . 

2KMn04 + 6 SO 2 + 2 H 2 O -K 2 SO 4 + 2MnS04 + 2HaS04. 

Q. 8. What are the sources of phosphorus ? How is it 
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manufactured ? What are Us allotropic forms f State tJieir use 
and properties, 

Ans. Sources from which phosphorus is -obtained are : 
(«) naturally occurring phosphatic rock, phosphorite^ Ca 3 (P 04)2 
and (%i) calcium phosphate contained in bones. There are also 
many other compounds of phosphorus occurring in nature, such 
fiuor-apatitej 3Ca3(POj2. OaF^ ; chlor-apatite, 3 Ca 3 (P 04 ) 2 , 
CaCU ; viviamte, Fea(P 04 ) 2 , SHgO, etc-, but none of them are 
employed as sources of phosphorus. 

Manufacture of yellow phosphorus from bone-ash :—Bone-ash 
mainly consists of calcium phosphate (80%) and is utilised for 
getting yellow phosphorus. The old Betort Process is now 
obsolete and the modern Electrical Process, devised by lleadman, 
Parker and Robinson, is now in vogue • for getting yellow 
phosphorus. 

A mixture of bone-ash, sand and coke is fed through the 
hopper, by a worm conveyer into a closed electric furnace which 
is made of brick-work. The furnace is provided with an outlet 
near the top for the escape of hot gases and vapours of phos- 



Fig. 138 

phorus and another at the bottom for taking out the slag. 
Electric current is supplied through two stout carbon rods fixed 
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a little above the bottom level as shown in the figure so as to 
form an “arc" inside the mixture which is heated very strongly 
in this way to about 1200 ® -1600®0. 

At the high temperature produced inside the mixture calcium 
phosphate reacts with silicai producing calcium silicate and 
phosphorus pentoxide. 

OasCPOJa + 3SiOa = 3CaSi03 +P 2 O 5 . 

Phosphorus pentoxide is then reduced by carbon of coke and 
phosphorus is set free. 

2 P 2 OS+100 = 1000 + 4P. 

Calcium silicate melts and sinks to the bottom and therefrom 
it is run off by the slag-hole. Phosphorus vapours along with 
GO escape through the outlet near the top, and are passed into 
water, where phosphorus vapours condense into solid yellow 
phosphorus and carbon monoxide, being insoluble, escapes as gas. 

Fresh mixture is introduced from time to time and the 
process is thus made continuous. 

Phosphorus exists in different allotropic forms of which the 
two most important are : (a) White phosphorus and (6) Ked phos¬ 
phorus ; other allotropes are : {i) Scarlet phosphorus, (n) Black 
phosphorus and {iii) Violet phosphorus. 

Uses :—Phosphorus is largely used in the manufacture of 
matches. The head of tho comraoii lucifer match is composed 
of white P, mixed with KNO 3 or some other oxidising agent. 
Such matches are now-a-days supplanted by safely matches, the 
heads of which contain oxidising agents but no phosphorus. 
These ignite when rubbed on a surface coated with red 
phosphorus. 

White phosphorus is also used in the preparation of P 2 O 6 
and of red phosphorus. Red phosphorus again is used in the 
laboratory for the preparation of HBr and HI as also in the 
preparation of phosphoric acid. A little amount is also used 
in making phosphor bronze, and as a rat-poison. 
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Properties of yellow and red phosplioms;— 


Property 

1. Colour. 

2 . Smell. 

3. Specific gravity. 

4. Melting point. 

5. Action of CS 2 
chloroform etc. 

G. Reaction when 
exposed to air. 

7. Ignition temp. 

8 . Hot NaOH sol. 

9. Chemical activity 

10 . Physiological 
action. 

11. Stability, 


Yellow P 

Almost colourless. 
Garlic smell. 
r83 
44‘‘C. 

Headily soluble. 

Phosphoresces with 
glow and oxida¬ 
tion. 


30"C. 

Readily reacts with 
hot NaOH sol. 
giving off PH 3 

Highly active. 

Highly poisonous. 

Less stable at ordi¬ 
nary temperature. 


RedP 

Violet red. 
Odourless. 

2*05 - 2*39 
500“ - 600“C. 
Insoluble. 

Does not phos¬ 
phoresce (there 
is no glow and 
no oxidation). 

240’*C. 

No action* 

1 Less active than 
yellow P 

Not poisonous. 

j Stable at ordinary 
I temperature. 



588 C. U. QUESTIONS WiTH ANSWBBS ON [1967 

SECOl^D PAPER 

Q. 1. Hoto would you obtain a pure specimen of silver nitrate 
from silver coin ? 'What happens when a solution of silver nitrate 
is treated with (a) Caustic soda, (6) potassium cyanide, (c) am- 
monium hydroxide 9 Give equations. 

When one litva of a solution of silver nitrate was electrolysed 
ifyt' sometime O'1259 gm. of the metal was deposited on the cathode. 
20 C.C. of the solution gave T677 gms, of silver chloride after 
electrolysis^ Find the strength of the solution in terms of wor- 
mality, before and after electrolysis. 

(Ag -108, Cl - 35*5). 

Ans; Silver coin is made up of an alloy of silver and copper. 
Moderately dilute ‘ HNO» is added to a silver coin placed in a 
conical flask and the acid is warmed a little if necessary. The 
solution, green in colour due to Cu(N 03)2 produced from copper 
in tho coin, is poured in a porcelain basin and evaporated to the 
crystallisation point and cooled. Crystals of AgNOa and 
Cu(^ 0 . 3 ) 2 .are deposited together. These are collected and dried 
and then heated for a time in a basin by placing it in air-oven 
maintained at 250°C. At that temperature copper nitrate is 
decomposed into CuO (a black solid), NaO^ and (evolved away 
as gases), but silver nitrate does not undergo any decomposition, 
2 Cu(N03) 2 = 2 CuO + 2N 2 O 4 + O 2 . 

The residue is cooled and treated with water by stirring. Tho 
mixture is then filtered and the filtrate evaporated to crystalli¬ 
sation when, on cooling, pure crystals of silver nitrate are depo¬ 
sited, These are collected by filtration. 

Wheh caustic soda is added to silver nitrate solution 1 
silver oxide is precipitated as a greyish-black powder. 

2 AgN 03 + 2NaOH = AgoO - 1 - 2 NaN 03 + H 2 O. 

(5) When potassium cyanide is added to silver nitrate solu¬ 
tion, at first a curdy-white precipitate of silver cyanide is formed, 
but on adding excess of potassium cyanide, the precipitate 
dissolves with the production of a complex salt, potassium 
argento-cyanide, and a clear solution is produced. 

AgNOs + KCN « AgGN + KNO 3 
• ^ KCN + AgCN = K[Ag(0N) 2 ] 

On adding ammonium hydroxide to silver nitrate solu- 
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tion, a transient precipitate of silver oside appears, but it dis¬ 
appears as soon as it is formed. The solution then contains 
sliver-ammine nitrate. 

2AgNOa + 2NH*OH-AgaO + 2 NH 4 NO 3 + H 2 O.. 

Af-NOa +2NH.OH = [Ag(NH3)*]N0s + 2 H 2 O. • 

The molecular weight of silver chloride,' AgCl, is 108 + 35'5 
or 143’6, in which silver present is 1Q8. Therefore, in, 1’677 


grams of silver chloride, silver present 


*. 1*677x108 
18 ■ 

. 143-5 


grama 


or 1*2621 grams. And this amount of silver is present in 20 c.c. 
of the solution given after electrolysis. Hence, in 1000, c.c. of 
the solution, after electrolysis^ the amount of silver present = 

grams = 63*106 grams. Now normal ' solution of 


silver nitrate is that which will contain 108 grams (one gram- 
equivalent) of silver. Hence the normality of the solution after 


electrolysis = 9.^ N = 0*5843N. Before electrolysis, since 

108 

from a litre of the solution, by electrolysis, 0*1269 gram of silver 
was deposited, the solution contained (63*106 + 01269) or 
63*2309 grams of silver per litre of solution. 


Hence, before electrolysis, the normality of the solution 
108 

Q. 2. Make a comparative study of properties of marsh gas, 
ethylene and acetylene. How will you prepare a pure sunple of 
each ? How will you separate methane from the mixture ^ 

Ans. The comparative properties of the gaseous hydrocar¬ 
bons are tabulated below :— 


Properties 


Marsh gas or 
Methane 


Ethylene 


Acetylene 


1. Colour Colourless 

2. Odour Odourless 


Colourless 
Sweet odour 


* Colourless 

Sweet odour, when 
pure. Impure gas 
possesse s an offen • 
sive smell. 
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Properties Ethylene . Acetylene 

3, Solu- Sparingly soluble . Slightly soluble in Soluble in water to 

bility in water. water. ■ the extent of 1 vol. 

of gas to 1 vol. of 
water. 

I 

i 

4. Density- Much lighter than Nearly as heavy as ' Slightly lighter 

air (D —8). . air (D=14). than air (D=13). 


3. Nature 


A saturated com- An unsaturated 
pound and so gives compound and so 


6. When | 
set fire to < 
in contact 
with air. 

• • • I 

V.Beha- ( 
viour on, i 
admi?;ture < 
with 

oxygen and' 
ignition 


substitution pro¬ 
ducts with the 
halogens. 
CH^+Cl. 
==CH3Cl+nCl. 

Burns with a scar¬ 
cely visible blue 
flame. 


Explodes violently 
-when admixed with 
twice its vol. of 
oxygen and ignited,j 
CH4 + 2O4 
= CO,+2H^O. I 


yields additive pro¬ 
ducts with the 
halogens. 

C,.H, + CU 
=:=C,H,C1.,. 


An unsaturated 
compound and so 
gives additive com¬ 
pounds with the 
halogens. 

C.H, -H2Br, 
=C,H,Br,. 


Burns with a lumi- Burns with a 
nous flame. ! highly luminous 

and smoky flame. 


Explodes violently 
when mixed with 
thrice its volume 
of O. and fired. 
C.,n^+30, 

=2CO.. +2H,0. 


Explodes violently 
when mixed with 
two-a.')d-a-half 
times its volume of 
O., and fired. 
2C:.jH>+50., 
=4Cb,-l-2H,0. 


8 . Reaction Reacts with Combines with 

with ' chlorine in diffused chlorine readily > Combines with 

chlorine , light giving rise to giving an additive ‘ chlorine only when 

I several substitulionj compound. ' it is in solution in 

j products. j C..H 4 - 1 -C 12 j S,^CL, givingau 

I CH 4 -I-CI 1 1 —CaH^CLj ‘ additive compound, 

i =CHjCi + HCl. But on being mixed C-^Ha-I-2C1. 

1 CHsCl + Cl-i j with twice its ==CiH..Cl,. 

> =CH.jCLj + HCl volume of chlorine ■ But when it is 

CHaCla-hClo and ignited, carbon, brought into coq- 

=CHCl,-i-HCl. separates as soot , tact with Cl il 

; CllCls-1-Cla and IICl is formed.' bursts into flame, 

, =CCl 4 + HCl. C„H 4 + 2 C 1 , giving HCl and 

But in direct sun- —2C+4HC1. ' depositing carbon, 

light carbon sepa- , : CaHo-l-Cli 

rates as soot i =2HC1+2C. 

CH4+2CI, i 

=C+4HC1. i ; 
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Pure marsh gas is prepared by dropping water* pn aluminium 
carbide, passing the gas evolved first through an ammoni^cal 
solution of cuprous chloride and then through a wash-bottle 
containing cone. H2SO4. The pure gas is collected by' displace¬ 
ment of mercury. 

AUCs + I 2 H 2 O « 3 CH 4 + 4A1(0H)3. 

Pure ethylene is prepared by heating carefully a mixture of 
1 vol. of Ethyl alcohol and 3 vols. of cone. H 2 BO 4 in a flask 
provided with a dropping funnel and a delivery tube, on a sand 
bath to a temperature of about 170®0. A few pieces of broken 
porcelain are added to the mixture to prevent frothing. The gas 
evolved is first passed through NaOH solution in order to 
remove CO 2 and SO 2 and then dried by passing through cone. 
H 2 SO 4 and next collected by displacement of mercury. 

C2H5OH +H2SO4 =C2H4 +H2SO4 + H2O. 

Sulphuric acid removes the elements of water from ethyl 
alcohol. 

Pure acetylene is obtained by dropping water on lumps of 
calcium carbide placed in a conical flask provided with a dropp¬ 
ing funnel and a delivery tube. Some sand is placed at t)^* 
bottom of the conical flask on which calcium carbide rest's.^ 
The water is dropped from the dropping funnel and the gas 
evolved is passed in succession through OUSO 4 . solution acidified 
with H 2 SO 4 , through a tower containing P 2 OS and next collected 
by displacement of mercury. 

0a02 "h 2H 2 O ” Oa(OH)2 "h C 2 H 2* * 

Methane can be separated from a mixture containing all the 
three hydrocarbons by first passing the mixture through ammo- 
niacal cuprous chloride solution which absorbs acetylene, giving 
rise to a red ppt. of cuprous acetylide (CU 2 O 2 }. then through a 
wash-bottle containing fuming sulphuric acid, which absorbs 
ethylene, forming ethyl hydrogen sulphate, C 2 Hr,HS 04 , and then 
collecting methane by displacement of mercury. 

Q. 3. Desc7'ibe Brecht's process for the manufactjire of potassium 
carbonate* What are the other processes for its preparation ? Is 
Solvay process applicable for its preparation ? If not, give 
reasons. What are its uses ? How is potassium detected ^ 

Ans. Brecht's process ;—Magnesium carbonate tri-hydrate, 
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MgCOa, 3 n 20 , is ttiken in the solid state and a concentrated 
solution of potassium chloride is mixed with it and then carbon 
• dioxide gas (from a lime kiln) is passed into the mixture. A solid 
js formed, which is a double compound of potassium bicarbonate 
^ and magnesium carbonate while magnesium chloride formed 
passes into solution. 

3(MgCOrf. 3HaO) + 2KCl + 0O2 

= 2 (MgC 03 . KHCO 3 , 4HaO) + MgCl 2 . 

The solid is separated from magnesium chloride solution by 
filtration and stirred with water and MgO. The mixture is 
next heated to 40'^^C. when potassium carbonate is formed in 
solution and magnesium carbonate tri-hydrate is re-generated 
and left as a residue. 

•* 2 (MgCO«, KHCOs, 4HaO) + MgO. 

• = 3(MgC03. SHaO) + K 2 CO 3 . 

The solution of potassium carbonate is separated by filtration 
and evaporated whereby solid K 2 CO 3 is obtained. 

Potassium carbonate can be prepared from potassium chlo' 
ride by the application of the principles of Leblanc Process, 
employed in the manufacture of sodium carbonate from sodium 
chloride. 

(i)' KC 1 + H 2 S 0 *-KHS 04 + HC 1 

(ii) KHS 04 + KC 1 «K 2 S 04 + H 01 

(iii) K 2 S 04 + 4C-KaS + 4C0 

(iv) K 2 S + CaGOa = CaS + K 2 OO 3 . 

Subsequent lixiviation with water, separation from insoluble 
Gad and crystallisation of the solution by evaporation yields 
K2CO3. 

Potassium carbonate can also be obtained by carefully 

"heating cream of tartar (potassium hydrogen tartrate) in covered 

' iron crucibles, the residue being cooled and then extracted with 

' water. The filtered solution is evaporated in silver basins and 

K 2 C 03 obtained. 

■ 

Potassium carbonate cannot be manufactured by Solvay 
process, because potassium bicarbonate formed in the operation 
is very soluble in water and so does not separate out in the solid 
state like NaHCOs. 
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Uses :—Potassium oarbonate is largely* employed in tbe 
manufacture of soft soap, potassium ferrooyanide, potassium 
chromate, potassium bromide and potassium iodide. It is also 
used in the manufacture of hard glass. In the laboratory it is 
used, admixed with sodium carbonate, in fusion mixture. 

Potassium in potassium compounds can be* detected by 
taking a small amount of the compound of potassium on a 
Platinum wire, moistening it with cone. HOl and then holding 
the wire with the moistened compound.in a non-luminous 
Bunsen flame, when the flame is coloured • pale violet. Tb© 
colour of the flame appears red when it is viewed through double 
blue glass. 

In the wet way, potassium can be detected in potassium 
compounds by adding a solution of chloroplatinio acid to their 
aqueous solution when a yellow ppt. of potassium chloroplatinate 
(KaPtCle) is formed. 

V-Q. 4. You are supplied with the following substances in diffe¬ 
rent test tubes —(a) ammonium nitrate^ (b) magnesium carbonate^ 
(c) Copper sulphate, {d) ferrous chloride. Can you identify 
them from appearance and colour ? How would you detect chomi- 
callu the^ifarious radicals 

^xas. Ammonium nitrate and magnesium oarbonate are 
both white solids, but the former one in crystalline and the 
second one is non-crystalline powder. So close observation may 
help in identifying the two materials present in two of the test 
tubes. Copper sulphate and ferrous chloride are recognised by 
their colour, the former being blue in colour and the latter 
light green. 

(a) When a little of the crystalline solid is rubbed with soda 
lime in a mortar, the smell of ammonia is perceived. Further 
confirmation can be obtained by taking a very small amount of 
the material in another test tube in aqueous solution and adding 

Nessler’s solution to it, when a brown ppt. is produced.- 

• ♦ 

The presence of the nitrate radical is shown by adding 
ferrous sulphate solution to a little quantity of it taken in a 
test tube, then holding the test tube in a slanting position under 
running water from a tap and next adding cone. HsSO^ to the 
mixture. The appearance of a brown ring at the junction of 

88 


present in the substances supplied f 
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cone. HsS 04 (bottom layer) and ferrous sulphate solution (top 
layer) confirms the presence of nitrate radical. 

6FeS04 + 2 NH 4 NO 8 + 4H*S04 V* 

« 3Fea(S04)3 + (NH4)2S04 + 2NO + 4HaO 

FcSOa +N0=»FeS04, NO (brown ring). 

( 6 ) When magnesium, carbonate is heated on charcoal under 
the oxidising blowpipe flame, a white incandescent residue of 
MgO is left behind This white residue, on being moistened 
Vith a drop *of cobalt nitrate solution and heated again in the 
oxidising blowpipe flame becomes pink in colour. 

The confirmation in the wet way can be carried out by dis¬ 
solving a little of the white powder in dil. HCh then adding 
ammonium chloride, ammonia in excess and ammonium carbo¬ 
nate to the solution when no ppt. appears. Next disodium 
hydrogen phosphate solution is added and the test tube is 
vigorously shaken and the side's of the reaction vessel is scratch¬ 
ed with a glass rod when a white crystalline precipitate of 
magnesium ammonium phosphate is obtained. 

Carbonate is detected by adding dilute H2SO4 to a little of 
the powder taken in a test tube fitted with a cork to which a 
bent delivery tube is attached. Effervesence occurs and the 
gas evolved, when passed into lime-water contained in another 
test tube, turns lime-water milky. 

(c) Copper is detected in the blue substance by dissolving 
a little of the material taken in a test tube in water and then 
gradually adding ammonia to it. At first a bluish white preci¬ 
pitate is formed, which dissolves on adding excess of ammonia 
forming a deep blue solution. On acidifying the solution with 
acetic - acid and adding potassium ferrocyanide solution, a 
chocolate precipitate of copper ferrocyanide appears, confirming 
the presence of copper. 

To the aqueous solution of the substance, barium chloride 
solution is added. The appearance of a precipitate, insoluble 
in all mineral acids, indicates the presence of sulphate radical. 
The precipitate will be seen to be white on filtering and washing 
thoroughly with hot water when the adhering copper salt is 
completely removed. 

(d) To an aqueous solution of the salt, potassium ferricya- 
nide solution is added when a deep blue precipitate is formed. 
To confirm further the presence of iron, a little of the substance 
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is taken and boiled with nitric acid in a test tube. Then an 
excess of ammonia is added to it, when a brown precipitate of 
ferric hydroxide is formed. The precipitate is dissolved in dil. 
HCl and potassium ferrooyanide is added to it, when a deep- 
blue precipitate is formed. This confirms the presence of iron 
in the substance. 

Chloride is confirmed by adding silver nitrate solution to an 
aqueous solution of the sample, when a curdy white precipitate 
is formed, which is insoluble in HNO3 but soluble easily in 
dilute ammonia. 


Q. 5 . Explain the following statements loith illustrations :— 

(a) Matter is indestructible^ 

(b) Combustible and supporter of combustion are reciprocal 
terms. 

(c) The process of oxidation and reduction are complementary. 

Ans. (a) Law of conservation of matter states : ** Matter 
can neither be created nor destroyed, but can be transformed 
from one form into the other." This is verified by the following 
experiment. 


A flask is taken fitted with a tightly fitting rubber cork. 
Through the cork two thick copper wires carrying a copper spoon 
at the end are fitted. A bit of charcoal is placed on tlie copper 
spoon. The two thick copper wires near the spoon are wound 
round with a thin platinum wire so that the two copper wires 
are in contact through the Pt-wire and the platinum wire jis 
made to touch the bit of charcoal. The rubber cork with the 
copper wires carrying the spoon is removed, and 
the air inside the fiask is replaced by oxygen. The 
cork with the wires carrying the spoon in which 
the bit of charcoal is placed is then replaced in fts 
original position so that it tightly closes the month 
of the flask. Then the flask with its contents is 
weighed in a chemical balance. The copper wires 
projecting outside the cork are then connected to 
the terminals of a battery, and a current is passed. 

The Pt-wire becomes red-hot doe to resistance 



offered by this wire and this ignites the bit of char¬ 
coal in contact with it and the bit of charcoal burns 


Fig. 139 


readily in the oxygen gas. After the flame is extinguished, the 
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wire» conneoting the battery are disconnected, the apparatus 
cooled and weighed in a chemical balance. The weight is found to 
be the same as before. Thus, although most of the charcoal has 
disappeared, by burning, yet* no loss in weight is recorded. Hence 
nothing is lost by burning away of the bit of charcoal. 

The best experiments for establishing the truth of the state¬ 
ment that ‘matter is indestructible” are those carried out by 
Landolt for 16 years till 1908. 

In one of his experiments Landolt took solutions of ferrous 
sulphate and silver sulphate in two different arms of a H-shaped 

tube as shown in the adjoining figure. These 
two substances were chosen because they 
would react together without the production of 
much heat. The ends of the H-tube were next 
sealed in order that there might uot be any 
mechanical loss of materials. The tube was 
next weighed accurately in a sensitive balance 
using another such H-tube as a counterpoise. 
Then the two solutions were carefully mixed 
togetlier by tilting the tube. A chemical 
reaction occurred and metallic silver was 
deposited due to the reducing action of 

ferrous sulphate. 

AgaBOi + 2FeS04 “ Fe2(S04)a + 2Ag. 

After the reaction was over, the tube was allowed to cool for 
some time and then weighed in the same balance by using the same 
counterpoise, Landolt found that the weight remained practi¬ 
cally ponstant, though there was an apparent creation of matter. 

It is clearly seen from the two experiments described that 
there has been no destruction of matter, 

N. B. Since only indestructibility of matter is to be proved 
the first experiment is sufficient to establish it. 

ih) Any chemical reaction accompanied by the evolution 
of heat and light is called combustion. Now it is customary to 
classify the substances taking part in combustion as the com¬ 
bustible bodies and supporters of combustion. Usually we call 
those substances which burn combustible and the atmosphere 
surrounding the burning substances, supporter of combustion. 

Thus paraffin, hydrogen, carbon monoxide, etc. are combus- 


M 




VS' ^ 

Fig. 



1967] 


INTBBMEDIATE GHSMISTBX 


597 


tible substances i while oxygen, air, etc. are supporters of combus¬ 
tion. 

This distinction, however, is a purely conventional one, and 
the two terms are purely relative. By a alight modification of the 
conditions, either or CH 4 or coal gas may become supporters 
of combustion and Oq or Gig the combustible bodies* This can 
be illustrated by the following experiment i— 

A glass chimney is taken provided with a cork at its bottom. 
Two glass tubes, one short and the other long, is inserted through 
the cork at the bottom. A small sheet 
of asbestos with a hole at the middle is 
placed at the top of the chimney. Hydro¬ 
gen is passed through the short tube till 
the chimney is completely filled up with 
hydrogen. Hydrogen is ignited as it 
comes out at the top through the hole in 
the asbestos. Now oxygen is passed in 
through the long tube and the gas is 
ignited by pushing the long tube up to 
thojburning hydrogen. The long tube is 
then droiwn into the middle of the 
chimney- We have got here two flames ; 
one at the top of the chimney, where 
hydrogen burns in oxygen of air, and the 
other inside the chimney where oxygen 
burns in hydrogen. Similar experiment 
can be performed with coal gas and oxygen 
or chlorine and hydrogen. Thus the 
supporter of combustion in one case can 
be made combustible in the other. Hence the terms are 
reciprocal. 

The expression means that whenever a substance under¬ 
goes oxidation, it does so at the expense of some other substance 
which undergoes reduction at the time when the first one is 
oxidised. Thus, in the reaction between stannojis chloride and 
mercuric chloride, stannous chloride is oxidised to stannic 
chloride, while at the same time mercuric chloride is reduced to 
mercurous chloride. 

SnOU + 2HgCla« SnOU + HgflOia. 
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Similarly in the reaction between Bulphnretted hydrogen and 
sulphur dioxide, sulphuretted hydrogen is oxidised to sulphur at 
the expense of sulphur dioxide which is simultaneously reduced 
to sulphur. 

2 H*S + S09«2Ha0+3S. 

Thus oxidation and reduction always go hand in hand. 

Q. 6 . Give the names and compositions of the chief ores of 
copper and explain the chemistry of the extraction of the metal 
from its sulphide ores. Mention the uses of the metal and its 
alloys. Is copper are available in India ? 

Ans. Chief Ores of Copper 

Ruby ore—CugO Purple copperl 8Cu2S, Fe2S3 

Copper glance—CU2S Ore — J or CusPe Sa 

Copper pyrites—OuaS, FeaSa Malachite, OuCOa, Cu(OH)2 

or Cu Fe Sa Azurite, 2 Cu 008 , Cu (OH)a 

Extraction of copper from sulphide ores^ viz.j copper pyrites — 
Copper is extracted by a Thermal process by the following 
operations 

At first the ore is concentrated either by gravity separation 
or by floatation process. For this purpose the ore is first 
crushed and finely powdered. The powdered ore is next churned 
with* water containing a little oil and lime, by blowing air 
through it. By this operation a froth is produced, which 
carries up along with it the particles of Cu-ore, leaving sand and 
other impurities behind. The froth is collected by skimming 
and allowed to settle. 

.The concentrated ore is next roasted in multiple hearth 
furnace, whereby excess of sulphur present is burnt out to SO2 
and the metals viz. Fe present in pyrites and Cu. are partially 
oxidised. 

OuaS,FeaSa + Oa =*Ou2S + 2 FeS + SO2 
CUaSfFOaSa + 40 a CuaS + 2 FeO + 3SO2 
2CU2S + 3O2 “ 2CUaO + 2SO2, 

this last reaction occurring only to a very small extent. The 
roasted ore is next mixed with coke, sand (or slag from subse¬ 
quent operations) and a little quantity of lime and the mixture 
heated in a water-jacketed blast furnace when a little quantity 
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of CU 2 O formed in the previons operation reacts with iron 
sulphide giving Cu^S and FeO. ' • 

Ou^O + PeS “ OusB+FeO. 

The ferrous oxide so formed and also produced in the previous 
operation reacts with sand or silica, giving a slag of ferrous 
silicate, FeO + SiOa^FeSiOs* The slag is removed and the 
residue obtained of cuprous and ferrous sulphide is known as 
matte. The molten matte is then directly run into a Bessemer 
converter with a little silica and a blast of air is introduced 
through tuyeres placed at the sides. Iron is first oxidised to 
FeO which combines with silica forming a slag of ferrous silicate 
as before. The slag is removed and the blast continued. CuaS 
is then partially oxidised to CusO and this CusO reacts with 
unchanged CuaS to form Copper and SOa- The slag is removed, 
the blast stopped and the converter tilted to pour off Cu. This 
copper has a blistered appearance due to escape of SOa. 

SCuaS "i* 30a ^ 20ua0 "I" 2S0a. 

OUaS + 20ua0 - 6 Cu + SOa. 

Blistered copper is then melted on the hearth of a rever¬ 
beratory furnace when the impurities are oxidised. Some escape 
as gas, others form slag with the furnace lining of silica, which 
is removed. Next the metal begins to oxidise. Anthracite jcoal 
in the form of powder is then sprinkled on the molten mass and 
the mass is stirred with logs of green wood. When the , copper 
attains the requisite tcmgh-pitcht it is poured out. 

Further purification of copper can be effected by electrolysis. 
Thick sheets of impure copper are suspended from a metal rod 
in a bath of CUSO 4 solution, acidified with 15% sulphuric acid, 
and taken in an wooden vessel lined with lead. Thin plates of 
pure copper are suspended from another metal rod and are dipped 
in the same bath in such a fashion that these are inserted alter¬ 
nately between the thick sheets. The rod carrying the thin sheets 
of pure copper is connected to the negative pole of a battery 
and thereby the thin sheets of pure copper are made to function 
as cathodes. Also the rod carrying the thick slabs is connected 
to the positive pole of the same battery, thus making the thick 
slabs to function as anodes. On passing electric current through 
the bath of copper sulphate, copper ions pass into solution from 
thick sheets gradually and are deposited as pure metallic copper 
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on thin sheets after neutralisation of charge on them. Impu> 
rities present either pass into solution or are deposited at the 



Fig. 142 

bottom of the bath near the anodes as anode slimes. Copper, thus 
obtained as a deposit on the cathode, is 99*99^ pure. 

Uses of copper and its alloys :— 

Copper is largely used in electric industry, in electro-typing, 
for cables and wires for conveying electric currentf and in setting 
up voltaic cells ; it is also used in the preparation of household 
utensils, for coinage and for the preparation of alloys, like brass, 
bronze, German silver, etc. 

Brass is one important alloy of copper and zinc. It is used 
for preparing house-hold utensils, cartridge cases and in 
machinery parts* Bronze is another alloy of copper with tin. 
It is used for making medals, statues, etc. Alloyed with a little 
amount of zinc, bronze is used in coinage. German silver is an 
alloy of copper, zinc and nickel. It is used for the preparation 
of cheap ornaments as also utensils for every-day use. 

Yes, copper ores are available in India ; they are found in 
the Singbhum District of Bihar, Nellore, Sikkim and Bhutan. 

Q, 7^ Starting from metallic lead^ how ivould yon prepare— 
litharget red h ad^ and had dioxide ? By what tests would you dis^ 
tinguish between these oxides ? Sow is lead detected ? 

Axis. Litharge is crystalline lead monoxide. It is prepared 
from metallic lead by beating the latter in contact with air, 
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when massicot is first formed ; when this massicot is melted by 
the application of sufficient heat and the molten massicot is 
cooled crystalline litharge is formed. 

2Pb + 02“2Pb0. 

Bed lead is obtained from metallic lead in the following way. 
First metallic lead is heated in a current of air, when it is con¬ 
verted into PbO. This PbO is removed from the furnace and 
hammered, when any parti.'les of unoxidised lead is flattened 
out. Powdery PbO is then removed by sieving.* Finely 
powdered PbO is then heated in a barrel-shaped vessel, open at 
both ends, in excess of air at 400“0. for 48 hours, whereby red 
lead is formed. It is removed, washed and dried. 

6 Pb + 30a«6Pb0 

6Pb0 + 02“2Pb304- 

For preparation of lead dioxide from metallic lead, first of 
all red lead is prepared from metallic lead and then the red lead 
so obtained is treated with cone. HNOs in the cold. The 
solution so obtained is diluted with water, and the diluted 
solution is filtered* The residue is lead dioxide, PbOi*. It is 
washed and dried. 

Pb804 + 4 HNO 3 = 2Pb(]SI03)a + PbOo + 2 H 2 O. 

The following are the tests by which the three oxides can be 
distinguished :— 

( 1 ) Colour of the three oxides are different. So by observ¬ 
ing the colour the three oxides enn be differentiated. Litha<rge is 
yellow, red lead is deep red in colour, whereas lead peroxide is 
chocolate-brown in colour. Moreover, litharge and red lead are 
crystalline, whereas lead dioxide is amorphous in character. 

( 2 ) Cone. HNOa 13 one reagent by means of which we can 
distinguish between these oxides. 

Litharge will dissolve in the acid without leaving any 
residue. Red lead will be converted into chocolate-brown 
amorphous powder by treatment with cold cone* HNO 3 . The 
solution, on filtration, will respond to the tests for lead nitrate. 
Cold cone. HNOa bas no action on lead dioxide. 

(3) Cone. HCl is another reagent by means of which 
litharge can be differentiated from red lead and lead dioxide. 
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On heating to boiling with cone. HGl, litharge will dissolve 
completely without evolution of any gas. On cooling, white 
glistening crystals of FbGls will be deposited. 

.PbO+2H01 = PbOla + H aO. 

On heating red lead and lead peroxide with cone. HCl to 
boiling, chorine gas, yellowish-green in colour and possessing 
the smell of bleaching powder, is evolved. The solution, on 
cooling, deposits PbGla. 

PbaO* + 8HG1» SPbCla + Ola + 4HaO 
PbO a + 4HC1« PbOl a + 2H aO + Ola. 

Lead can be detected in the dry way by heating any com* 
pound of lead mixed with NsaCOa on a charcoal block under 
the reducing blowpipe flame, when a soft metallic bead of lead 
with a lemon-yellcno incrustation on charcoal block is obtained. 
The bead can be flattened by harmmering and it marks paper. 
In the wet way, on adding dil. HGl to a lead-salt solution, a 
white precipitate of PbGl2 is produced in the cold. On boiliug 
the solution the precipitate dissolves, but reappears on cooling 
as white glistening needle-shaped crystals. 

Also on adding KI solution to a solution of a lead salt, 
yellow precipitate of Pbl2 is produced. On heating the preci¬ 
pitate with water to boiling, it dessolves, but on cooling golden 
spangles of Pbl2 separate out. 

Q. 8. Explain, giving equations, what happens when :— 

(a) Zinc is added to a solution of copper sulphate, 

(b) A mixture of alumina and coke is heated in chlorine, 

(c) Stannous chloride solution is added gradually- to a solution 
of mercuric chloride, 

{d) Each Jorm of phosphorous is boiled %oith caustic soda 
solution. 

Ans. ^Xo) Zinc displaces copper from copper sulphate 
solution, as zinc occurs above copper in the electro-chemical 
series. Zinc sulphate passes into solution. 

Zn + 0uSO4 “ ZnSO* + Gu. 

(b) In presence of chlorine coke helps in reducing alumina 
to metallic aluminium which immediately combines with chlorine 
forming anhydrous aluminium chloride. This AlGU formed is 
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volatile at the temperature of the reaotion and so oan be 
collected in a cooled dry receiver as a solid by sublimation. 

AlaOa + 30 + SOla « 2AIC18 + SCO. 

(c) At first stannous chloride added in small amount reduces 
mercuric chloride to mercurous chloride which is obtained as a 
silky.white precipitate. On adding further quantity of stannous 
chloride solution, mercurous chloride is reduced to gray metallic 
mercury. 

SnOla + 2HgCla - SnCU + HgaOl. 

SnOl 2 + Hg 3OI a ** 2Hg + SnOl *. 

Stannous chloride is oxidised to stannic chloride in the 
reaction, which remains in solution. 

((^) Red phosphorus does not react with boiling caustic soda 
solution. But white phosphorus reacts with boiling caustic 
soda solution with the evolution of phosphine and formation of 
sodium hypophosphite in aqueous solution. 

4P + 3NaOH + 3HaO « PHa + SNaHaPOa. 


FIRST PAPEB>-1968 

Q. 1. What are the important constituetUs of atr ? 

Describe how you w(Mld prove that air is a mixture and not a 
compound. 

Ans. The important constituents of air are : (i) Oxygqn, 

(ii) Nitrogen, (Hi) Carbon dioxide and (tu) Water vapour, 
Besides, air contains inert gases like Argon, Helium, Neon, 
Krypton and Xenon. 

The following are the reasons for considering air to he a 
mechanical mixture of nitrogen and oxygen :— 

(1) In a mechanical mixture of two or more substances the 
properties of the different ingredients are retained, but when a 
compound is formed from two or more ingredients, the molecules 
of the ingredients are changed and new molecules are formed. 
These new molecules have properties altogether different from 
those of the ingredients. 
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Thus, the properties of both nitrogen and oxygen are found 
to be present in air ; for example, oxygen is a supporter of com* 
bustion, so is also air^ tbougb to a less extent on account of its 
'dilution. Oxygen is absorbed by the alkaline pyrogallate. 
But alkaline pyrogallate cannot remove oxygen by absorption 
from any of the oxides of nitrogen which are compounds of 
nitrogen and ’ oxygen* After removal of oxygen from air by 
absorption with alkaline pyrogallate, nitrogen left shows all the 
properties of nitrogen. 

Therefore air is considered to be a mechanical mixture. 

(2) The analyses of samples of air drawn from different 
localities and different altitudes show that the proportion of 
nitrogen and oxygen in air by weight is nearly constant, yet 
slight variations are noticeable. But even the slightest devia¬ 
tion is not possible in the case of a chemical compound* 

Air is thus a mixture of oxygen and nitrogen. 

, (3) When gases combine chemically there is always a 
thermal effect, and oftentimes a change in volume is observed. 
But when 23 parts by weight of oxygen are mixed with 77 parts 
by weight of nitrogen, there is neither any heat change nor any 
change in volume. Yet the mixture behaves in every way like 
ordinary, air. 

Thus,, air is a mechanical mixture. 

(4) The density and other physical properties of air aro 
average of these properties of the coifetituents, nitrogen and 
oxygen, in the proportion in which they are present in air. 
Thus, taking d to be the density of air which contains nitrogen 
arid oxygen in the proportion 4 : 1 by volume approximately, we 
can calculate d as follows ;— 

, Wt, of air='Wt* of nitrogen+ wt. of oxygen. Taking into 
consideration 100 vols. of air to be formed from 80 volumes of 
nitrogen and 20 vols. o^ oxygen, 

100xd*80xl4 + 20xl6 
= 1120 + 320 
= 1440 
d =14-4 

The observed density of air is also 14*4—just the value cal¬ 
culated on the assumption that air is a mechanical mixture* 
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Therefore air is nofching but a mechanical mixture/ 

• • 

(6) There are five dilBPerent oxides of nitrogen whose gravi¬ 
metric compositions are such that they obey the Law of Multi* 
pie proportions. The composition of air by weight (77 nitrogen • 
23 oxygen) is such that no simple formula* can be assigned to it. 
(77 parts by weight of nitrogen stand for 6i atoms of nitrogen 
and 20 parts by weight of oxygen stands for 1*4075 atoms of 
oxygen). Thus the Law of hiultiple proportions as applicable to 
the case of definite oxides of nitrogen cannot be applied here. 

Therefore air is a mechanical mixture. 

(6) The ingredients of a mechanical mixture can be separated 
by easy mechanical means of separation like diffusion, distilla* 
tion, vaporisation, etc., but the components of a chemical com¬ 
pound cannot be so separated. 

The const] tuoTits of air can be separated 

(<x) By diffusion : When air is passed through a porousv 
tube, nitrogen, being lighter than oxygen, diffuses out more 
readily than oxygen and the residue left is found to be richer in 
oxygen than ordinary air. Had air been a chemical compound, 
no such separation of the constituents would have been 
possible. 

(6) By vaporisatio7i : When liquid air is allowed to ' evapo¬ 
rate, the boiling point increases progressively. Further, the gas 
which comes out first is richer in nitrogen than the gas which 
comes out afterwards. Thus, liquid air is to be considered as a 
mixture of two liquids, liquid nitrogen and liquid oxygen, and it 
may be presumed that atmospheric air is also a mixtore of tho' 
gases, nitrogen and oxygen. 

(c) By solution in loater : If air be shaken with water a- 
part of it goes into solution and the dissolved gas can be expel¬ 
led by boiling. It has been found that the air thus recovered 
from solution is very much richer in oxygen than ordinary air. 
Thus a partial separation of the ingredients of a^r by solution in 
water followed by subsequent heating, i,e., by easy mechanical 
means is possible. 

Air is thus a mechanical mixture. 

Any single argument given in the above discussion may not' 
be considered sufficient, but the arguments taken all together 
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prove completely that air is a mechanical mixture, and not a 
compound, of nitrogen and oxygen. 

Q, 2. (a) Discuss the effects of pressure and temperature on the 
volume of a given mass of a gas, 

(h) A given mass of a gas occupies a volume of 2'6 litres at 
0®0 and 76cm* pressure of mercury. Find its volume at 
and 160om, pressure of mercury. 


Ans. (a) The volume of a given mass of a gas changes 
with change of pressure as also with change of temperature. All 
gases obey two laws, one relating to effect of change of pressure, 
known as Boyle's Law, and the other relating to the effect of 
change of temperature, known as Charles’ Law* Boyle’s Law 
etates that temperature remaining constant, the volume of a given 
mass of any gas is inversely proportional to its pressure’* 

Charles’ Law states that ^'pressure remaining constant, the 
volume of a given mass of any gas increases by -377 part of its 
volume at O^C for each degree rise of temperature." 

So with increase of pressure, the volume of a given mass of 
a gas diminishes and with increase of temperature the volume 
increases. 


Brom Charles* Law, it can be deduced that the volume of a 
given mass of any gas is directly proportional to its absolute 
temperature, pressure remaining constant. 

(b) From Boyles’ Law and Charles’ Law it has been deduced 


that 
P_xjr 
“ T 




, where P, V and T are pressure, volume and 


absolute temperature of a given mass of any gas and Pi, Fi and 
Ti are another set of values of pressure, volume and absolute, 
temperature of the same mass of gas. 


Here, 

P**76 cm. 

F®'2*6 litres. 

.F« (278 +or Aba. 
«273* Abs. 


Pi «160 cm. 

Fi«? 

Pi •= (278 + 646)® Abs 
«819® Abs. 
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Then, we have 

76 X 2^6 1 50 X Fi 
278 “ ’ 819 
76 X 2-5 X 819 
“ 273 X160 

“ 3*8 litres, 

Q. 3. Describe how you would prepare concentrated nitric acid. 
State what happens when it is allowed to act on (a) tm, {b) iodine 
and (c) sulphur ; the acid is hot in the cases of ib) and (c). 

Ans, Equal parts by weight of Potassium nitrate and cone. 
Sulphuric acid are taken in a stoppered retort, the stem of 
which is introduced into a small flask floating on and kept cooled 
by water as shown in the adjoining figure. The mixture is 
heated gently, when Potassium nitrate reacts with sulphuric acid 
producing Nitric acid which distils over and collects inside the 



Fig, 143 

small flask. The residue left in the retort consists mainly of 
Potassium hydrogen sulphate. 

KNOa+H2804“KH804+HNOS. 

The acid thus obtained is some-what dilute and impure. The 
ooncentration and purification of the acid is carried out by 
mixing the acid collected in the small. flask with concentrated 
Sulphuric acid and then distilling the mixture fractionally. The 
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first ird portion of the distillate is rejected. The second i-rd 
portion is collected and while slightly warm, a steam of dry air 
or j0O2 ia blown throngh it, till the liquid becomes colourless. 
The acid now contains 99*8% of the anhydrous acid and is pure. 

jMgftdue left in the retort (last ^rd. portion) is rejected. 

. Pure and highly concentrated Nitric acid (sp-gr. 1*4) 
has no action on tin* But on adding a drop of water after 
adding the ‘ cbnc-HNOs to metallic tin, violent action takes 
place and voluminous powder of metastannic acid is produced. 

6Sn + 2OHNO3 = H, oSnsOi 5 + 20NOa + 6HaO 

* 

{h) Hot and concentrated Nitric acid oxidises iodine to 
iodic acid, HIO3. 

(f) I 3 + IOHNO 3 = 2 HIO 3 + lONOa + 4H 2 O. 

M 3Ia + IOHNO3 = 6HIO3 + lONO + 2112O. 

Oxides of nitrogen are evolved as gas. 

(c) Hot and concentrated Nitric acid oxidises sulphur to 
sulphuric acid and nitric oxide is evolved as gas. 

8 + 2nN03 « H2SO4 + 2NO. 

Q. 4. What are the sources of Bromine ? How is it manu¬ 
factured ? Describe its action on (a) a solution of Sodium sulphite 
and (h) a cold dilute solution of Caustic soda. Give equation in 

each case. 

« 

Ans. Sources of bromine are : (1) Stassfurt Oarnallite, 

KCl, TvlgCla^ 6H2O, which contains MgBrjj as impurity in the 
.form of bromocarnallite, KBr, MgBra, 6H2O in very small 
amount; (2) Sea*water, which contains very small amount of 
bromides of sodium and magnesium. 

Manufacture of Bromine :— 

(1) Bromine is manufactured in America (Dow Chemical 
Works) from sea*water. Sea-water is drawn at a point near 
the Works, and collected in a tank. It is then acidified and 
next. chlorinated. Bromine liberated from bromides colours 
the sea-water to light straw-yellow. The dissolved bromine is 
blown out by a current of air and is absorbed in NagOOs 
solution. Sodium bromide and sodium bromiite are formed in 
solution. The solution is next treated with excess of sulphuric 
acid and bromine set free is distilled off in steam. 
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SNaaOOa + SBfb « 6NaBr + NaBrOs + 3CX)a 

NaBiOs + 6NaBr + SHaSOi ** 3Bra + 3NaaS04 + 3HaO« 

Water is removed by distilling the product with oono. H9SO4. 

Hi) At Stassfurt, in Germany) Bromine is manufactured 
from carnallite, which is first dissolved in water and the* soki* 
tion concentrated, whereby KOI crystallises out and is removed. 
The Tnother-liquor (known as bittern) contains magnesium chloride 
together with magnesium bromide. The hot motherdiquor (at 
about 60*‘G) is allowed to slowly 
trickle down a tower packed with 
earthenware balls $ the tower is 
connected with a tank situated be¬ 
low, which is provided with zig-zag 
shelves. The mother liquor circu¬ 
lates round the zig-zag shelves in¬ 
side the tank. Steam is blown into 
the tank and a stream of chlorine 
gas is introduced by a pipe situated 
above the tank and fitted to the 
bottom of the tower, as shown in 
the adjoining figure. Chlorine sets 
free Bromine from magnesium bro¬ 
mide. 

MgBra -{-012= MgCl 2 + Br a 

Bromine, thus liberated, both in the tower and in the tank, is 
converted into vapour by steam. Bromine-vapour travels up and 
escapes by means of an outlet at the top. It is condensed by 
passing through spiral condenser. Any uncondensed bromitte- 
vapour as also chlorine are absorbed in moist iron-filings. 

Bromine thus obtained, is not pure. It contains chlorine, 
iodine and water as impurities. It is purified by first distilling 
with KBr solution (for removal of chlorine), then with ZnO (for 
removal of iodine). The second distillate is mixed with cone. 
H9SO4 and distilled (for removal of water). 

U Bromine oxidises Sodium sulphite solution to Sodium 
sulphate solution, and itself reduced to Hydrobromic acid-. 

NsaSOa +Br2 +H90 = Na2804 -bSHBr. 

(b) Bromine reacts with a cold dilute solution of caustic 

39 



Fig. 144 • 















610 C. V 0 QTJB83IZONS WITH AHSWBBS ON [1968 

Boda with* the production of Sodium bromide and Sodium hypo- 
bromite in solution, Water is also formed, 

Br a + 2NaOH “ NaBr + NaOBr + H aO. 

Q. 6. Describe what happens when (a) Chlorine^ (6) Sulphur 
dioxide and (c) red phosphorus are allowed to act separately on 
suip&fMh in water. Give equation in each ease, 

^-^Aiis.N>%i^)r When chlorine is continuously passed into iodine 
suspension in water, gradually iodine is used up with the 
production of iodic acid which remains in solution. Hydrochlo¬ 
ric acid is also formed in solution. Gradually a colourless 
solution is obtained. Here chlorine oxidises iodine to iodic acid, 
Itself being reduced to hydrochloric acid. 

1 2 + 601 2 + 6H 2 O « 2 HIO 3 + lOHOl. 

(&) Iodine suspension in water reacts with sulphur dioxide 
with the production of hydriodic acid and sulphuric acid in 
solution.. Here iodine oxidises sulphur dioxide to sulphuric acid 
and is itseU reduced to hydriodic acid. 

/ . la + SOa + 2HaO = H 2 SO 4 + 2HI. 

At first red phosphorus and iodine react with the produc¬ 
tion of phosphorus tri-iodide, Pis and this PI 3 is subsequently 
dec omposed by water present with the production of phosphorous 
acid, HaPOs and hydriodic acid, HI. * 

2P + 3l2-2PIs 

PI 3 + 3H 2 O « H sPOa + 3HI. 

V Q. 6. Explain and illustrate the following :— 

(a) Water of crystallisation, (b) Catalyst, (c) Oxidation 
and reduction. 

Ana. (a) Many solid substances, when crystallising out of 
their aqueous solutions, give rise to crystals containing combined 
water, taken up from the solution. Each molecule of the 
crystalline solid is found to contain a definite number of molecules 
of water. The particular crystalline shape and sometimes the 
colour of the crystalline solid depend upon these combined 
molecules of water. When the water is removed from the 
'Crystalline solid, it loses its particular crystalline shape and the 
colour in case of coloured crystals. Water so associated with 
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crystals as an essential part of their constitution is known as 
water of crystallisation. 

For example, copper sulphate pentahydrate (blue crystals), 
OuSO*, 5HsO, may be mentioned. When heated.above 260*0, it 
loses all the 6 molecules of water associated with 1 molecule of 
CuSOa and then it becomes colourless and powdery, the erys^- 
lline shape being destroyed. 

Ferrous sulphate heptahydrate (Green crystals), FeSO^i 
7 H 2 O is another example in point. Here 1 molecule of FeSO^ 
is associated with 7 molecules of water of crystallisation. 

ib) A catalyst is a substance which, when present in a com¬ 
paratively small amount, either increases or diminishes the rate 
of a chemical reaction without itself undergoing any change in 
mass and in chemical composition at the end of the reaction. 

When the substance helps in increasing the rate of a chemical 
reaction, it is called a positive catalyst. For example, manganese 
dioxide in small amount added to potassium chlorate helps to 
accelerate the rate of decomposition by heat of KClOs with the 
evolution of oxygen and so Mn 02 acts there as a positive 
catalyst. 

But when the substance helps in retarding or diminishing the 
velocity of a chemical reaction, it is called a negative catalyst. 
For example, phosphoric acid, when added in small amount' to a 
solution of hydrogen peroxide, retards the rate of spontaneous 
decomposition of hydrogen peroxide and so HsPO^ acts there as 
a negative catalyst. 

(c) Oxidation is described as the process which increases 
the proportion of oxygen or of an equivalent electro-nagative 
element or radical in an element or a compound, or diminishes 
the proportion of hydrogen or of an electro-positive element or 
radical in a compound, 

mmdft 

Bednetion may be defined as the result of the converse 
operations. Thus, redaction is the process which increases 
the proportion of hydrogen or of an electro-positive element or 
radical in an element or a compound or diminishes the propor¬ 
tion of oxygen or of an equivalent electro-negative element or- . 
iradjeal in a compound. 
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Thus, wheii sulphur is burnt in oxygen, it is oxidised to 
sulphur dioxide. 

S “i” Og SOg. 

When iron is heated in a stream of chlorine gas, it is 
oxidised to ferric chloride. 

2 Fe + 3Cla“Fe3Cl6. 

I 

When hydrochloric acid is heated with manganese dioxide, it 
is oxidised to chlorine by removal of hydrogen. 

4HC1 + MnOg “ MnOlg + CI 3 + 2 H 2 O. 

Similarly when hydrogen gas is passed over heated copper 
oxide (black), it is reduced to metallic copper (red), 

CuO + Hg =Cu + H20. 

. When sulphuretted hydrogen is passed into iodine suspended 
in water, iodine is reduced to hydriodic acid by addition of 
’hydrogen. 

H 2 S + l 2 = 2 HH-S. 

When ferric chloride solution (yellow) is treated with zinc 
and hydrochloric acid, it is reduced to ferrous chloride (solution 
colourless) by nascent hydrogen. 

FeGla+H = FeCla + nCl. 

t 

Among inorganic compounds, oxidation usually denotes 
an increase in the active valency of the central atom, as for 
example, when ferrous chloride is oxidised to ferric chloride» or 
stannous chloride is oxidised to stannic chloride. 

From ionic standpoint, if we take into consideration the 
reaction,' 

2FeCl8 + SnCla “SnCU + 2 FeCl 2 
it can be represented as 

2Fe++'^ + Sn-^^ = 80 +++**- + 2Fe++. 

Here it is evident that stannous ion is oxidised by the loss of 
two electrons which have passed to the ferric ions, reducing 
them to the ferrous state. 

Hence, oxidation may be defined as a loss of electrons and 
reduction as a gain of electrons. 

Moreover, it must also be observed that oxidation and reduc¬ 
tion take place simultaneously. Whenever a substance is oxidi- 
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«d, another one is reduced. Thus, when stannous * chloride 
solution is added to a solution of mercuric chloride* a white preci¬ 
pitate of mercurous chloride is obtained. Here mercuric chloride 
is reduced to mercurous chloride* but at the same time stannous 
chloride is oxidised to stannic chloride. 

2HgCl2 + Sn01a«Hg201a +Sn0l4. 

Q. 7. You are given a finely powd&t'ed mixture of sodium 
chloride, carbon and sulphur. Describe how you would separate 
them from one another, 

Ans, The powdered mixture is taken in a basin, carbon 
disulphide is added to the mixture and the mixture thoroughly 
stirred with a glass rod. The insoluble portion is allowed to 
settle and the liquid carbon disulphide containing dissolved 
sulphur is poured through a filter paper fitted to a funnel. The 
filtrate is collected in an evaporating dish. The residue is again 
treated with a further quantity of carbon disulphide with thorough 
stirring to dissolve out all the sulphur present in the mixture. 
The mixture is then filtered again* and the filtrate is caught in 
the same evaporating dish as before. On exposing the evapora¬ 
ting dish to air, carbon disulphide evaporates away, leaving 
sulphur behind. 

The residue on the filter-paper, on exposure to air, loses all 
carbon disulphide adhering to the residue. Then it is taken in 
a beaker, sufficient water is added to it and boiled. Sodium 
chloride dissolves in the boiling water. The mixture is filtered 
hot, the filtrate being collected in an evaporating dish. The 
residue is again taken in the beaker and boiled with water to 
dissolve out all the sodium chloride. The mixture is again filtered 
hot and the filtrate collected in the same evaporating dish as 
before. The evaporating dish is next placed on a boiling water- 
bath and water evaporated away. Thus solid sodium chloride is 
recovered. 

The residue on the filter-paper is washed thoroughly with hot 
water and dried, when charcoal is obtained free from sodium 
chloride. 

Q. 8. Describe how you would prepare pure and dry ammonia, 
Narrute its three important physical and three important chemical 
properties. Describe one method of determining its volumetric 
composition. 
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* Ans. Preparalion of pure and dry ammonia in the laboratory 
is carried ont by heating powdered ammonium chloride with 
about twice its weight of powdered quicklime in a hard glass 
test tube closed by a cork through which a delivery tuj^ is 
fitted. 7 he hard glass test-tube is clamped in a slightly inclined 
position to a retort stand and the delivery tube is joined to the 
bottom of a lime-toweri filled with quicklime, as shown in the 
figure, An upright delivery tube is next fitted to the top of the 
lime-tower as shown in the figure. Ammonia, evolved and dried 
in lime-tower, is collected by downward displacement of air. 

2 NH 4 OI + OaO « 2 NH a + OaOlg + H aO. 

Properties of ammonia* 
Physical :— 

It is a (1) colourless 
gas with a ( 2 ) peculiar 
pungent smell. (3) It is 
lighter than air and (4) is 
extremely soluble in water. 

Chemical :— 

( 1 ) Ammonia is neither 
a supporter of combustion 
nor combustible in air. 
But when the gas is set 

fire to-in an atmosphere of oxygen it burns with a yellowish flame. 

4 NH 3 + 3 O 2 - 2 N 2 + 6 H 2 O. 

( 2 ) The aqueous solution is alkaline and is soapy to the 
taste, and so it is supposed to contain ammonium hydroxide, 
which has not been isolated, for on boiling the aqueous solution, 
ammonia is completely expelled. 

NHs+HaO^NH^OH. 

• m 

The aqueous solution of ammonia can neutralise acids and 
can precipitate the hydroxides of many metals when added to 
the solution of their salts. 

I 

(3) When ammonia is passed over heated metallic sodium or 
potassium, the amide of the alkali metal is formed and hydrogen 
is evolved. 



Fig. 145 


2Na + 2 NH 3 « 2 NaNH 2 + Ha. 
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(4) Ammonia acts as a reducing agent under certain condi* 
tions. Thus, when ammonia is passed over heated copper oxide 
or lead oxide, metallic copper or lead is formed. 

80u0 + 2NH8 « 8Cu + 3HaO+Na. 

(5) Ammonia in excess reacts with chlorine and is oxidised 
to nitrogen, the reaction taking place in two stages, viz,, 

2NH8 + 801a«Na + 6HCl 

6HC1 + 6NH:*“6NH4C1. 

But with excess of chlorine, nitrogen trichloride is formed. 

NH8 + 3Cla«N0l8 + 3HCl. 








r 


Volumeiric composition of ammonia is determined by 
Berthollet's method in the following way •— 

A straight graduated eudiometer tube is taken and two 
platinum wires are sealed into glass near its closed end. 
It is filled with mercury and inverted over a deep 
trough of mercury. A certain volume of pure 
and dry ammonia is collected is the tube by the 
displacement of mercury and the inside and out¬ 
side level of mercury in the tube and in the 
trough are brought to the same level and the 
volume of ammonia is read off. Let it be 10 c.c. 

A series of electric sparks are then passed 
through this volume of ammonia by connecting 
the two Ft-wires to the terminals of an induction 
coil. Ammonia is decomposed into nitrogen and 
hydrogen, and the volume goes on increasing. 

When there is no further increase in volume, the 
sparking is stopped, the mercury level is again 
adjusted and the volume of the mixture is noted. 

It is found to be 20 c.c. Next, an excess of oxygen 
is introduced in the eudiometer tube, the volume 
of the mixture noted after adjusting the mercury 
level and the mixture exploded by passing a single electric spark 
through the mixture from an induction coil with the help of 
the two sealed Ft-wires. Hydrogen and oxygbn combine to 
form steam which condenses into liquid water. The appara¬ 
tus is cooled, mercury level is again adjusted and the volume of 
the residual gas noted. 



Fig. 146 
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. The following are the readings of the volumes 

Volume of ammonia taken 10 o.c. 

Volume of N 2 + H 9 after sparking»90 c.c. 

Volume after addition of oxygen « SO c.c. 

Volume of the residual gas (N 9 +excess of O 2 ) 

after explosion ~ 7*6 c.c* 
Contraction after explosion with oxygen 

(30-7*6) c.c. « 22*6 C.C. 

This contraction is due to the formation of water ; two- 
thirds of this contraction is the volume of hydrogen present. 
Hence volume of hydrogen = f x 22'6 c.c. = 16 c.c. and volume 
of nitrogen *= (20 -16) c.c. or 6 c.c. Thus 10 c.c. of ammonia 
yield 16 c.c. of hydrogen and 6 c.c. of nitrogen. 

Thus from the results of the above experiment it follows 
ttat, 1 volume of nitrogen combines with 3 volumes of hydrogen 
to produce 2 volumes of ammonia. 


SECOND PAPER 

Q. 1. Describe^ without entering into details^ the various 
methods for the isolation of metals from their ores. Mention at 
least one example under each head. 

Give a short account of the general properties of metals, 

Ans. Sometimes some metals are met with in the free state. 
Then metals are obtained by removing the adhering rocky and 
siliceous impurities from them. For example, copper has been 
found in the free state near Lake Superior in America. 

Most of the metals, however, are met with in the form of 
their compounds, such as oxides, sulphides, carbonates etc. In 
those cases the extraction of the metals is carried out in two 
steps : (a) Preliminary calcination or roasting, and (h) Sub¬ 
sequent reduction. 

( 1 ) Oxide ;—When the metallic ore is an oxide, it is first 
calcined to remove volatile impurities associated with it and at 
the same time to render it porous. The calcined ore is then 
reduced, the reduction being carried out industrially by heating 
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the oxide with carbon. This carbon-reduction process; as it is 
called, is the general method followed and is adopted in the 
cases of On, Zn, Pb, Sn, Pe, etc. 

ZnO + 0 « Zn + CX). 

Sn0a + 2C«Sn + 200. 

Sometimes the metal is obtained by simply heating the oxide, 
e.g. in case of oxides of mercury, gold, silver etc. ; or by usiug an 
Electric current, as for example, aluminium is obtained by electro¬ 
lysis of aluminium oxide at a high temperature, AUOs being in 
fused state. Some metallic oxides are reduced by thermit process 
with powdered Al. 

Or 2 O 3 "b 2A1 20r ■!“ AI 2 O 3 

( 2 ) Sulphide :—When the metallic ore is a sulphide, usual 
procedure is to heat it very strongly in air. Sulphur burns 
away to SO 2 and the oxide of the metal results. The oxide ia 
then reduced with carbon. 

This procedure is adopted with zinc blende, ZnS. 

2ZnS + 302 = 2ZnO + 2SOs 

ZnO + 0*Zn + GO. 

In case of copper, the sulphide ore is freed from iron with 
which it is associated, then it is bessemerised, whereby* partial 
conversion into oxide takes place and then the oxide and remain^ 
ing sulphide react to give metallic copper. 

2 OU 2 S + 3 O 2 =2Cu20 + 2S02 

2Cu20 + Cu2S==6Cu + S02* ^ 

(3) Carbonate ;—When the ore is a carbonate, it is first 
calcined in air whereby it yields the oxide of the metal with the 
removal of CO 2 as gas. The oxide is next reduced with carbon. 
Calamine or Smithsonite, ZnCOs, is utilised in that way. 

ZnCO s (calcined) ZnO + CO 2 

ZnO + 0 “ Zn + CO. 

Spathic iron ore, FeCOs, is also used in the same way for 
getting the metal. » 

( 4 ) Hydroxide ;—When the ore of the metal is a hydroxide, 
it is strongly heated so as to get the oxide. The oxide is then 
reduced with carbon* 
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Limonite, 2 F 69 O 8 , SHsO, is utilised in the above way for 
getting iron. 

(6) Sulphate :—In the case of the ore being a sulphate, it is 
first reduced with carbon into the sulphide. The sulphide is 
next heated strongly in aiv so as to convert it into oxide. The 
oxide is then reduced with carbon. 

(6) Halide :—When the metallic ore is a halide, the metal 
is extracted 

either^ (i) by electrolysis of the halide in the fused state, 
when the metaf is liberated at the cathode and the halogen at 
the anode. Thus, Na, K, Ca and Mg are obtained by electrolysis 
of their fused chlorides. 

or, *(ii)‘ by fusing the halide with metallic sodium or potas¬ 
sium. Metallic Mgi Al. Ga can be obtained in this way. 

MgCl 2 + 2Na = Mg + 2Na0l 
AlCl 3 + 3Na = Al + 3Na01. 

General properties of metals :— 

Metals generally possess a lustre, called metallic lustre. They 
are generally good conductors of heat and electricity. They are 
malleable and ductile, and generally have high specific gravity 
and reflect light. Metals are electro-positive in character and are 
liberated at the cathode during electrolysis. They emit a 
peculiar sound, called metallic clink, when struck with a hammer. 
They form oxides, by combination with O 2 , either at ordinary 
temperature or when heated, as ZnO, AUOs etc. which are basic 
in character but sometimes they are amphoteric. But in some 
cases higher oxides are found to be acidic. Metals frequently 
dissolve in dilute mineral acids, giving ofi hydrogen. They 
readily combine with halogens, giving their halides. 

Q. 2. 2 gms, of a mixture of oarbonatet bicarbonate and chloride 

of sodium gave on gentle heating till, no further evolution of gas 
occurred^ 62 c.c. of CO 2 at 26^C and 752 mm. pressure* T6 gm. of 
the same mixture required sufficient HCl obtained from T52 gm of 
NaCl for complete neutralisation. 

Calculate the percentage of carbonate, bicarbonate and chloride 
ifi the mixture. 

Na-23'0, O-l&O, Cl-85 5. 
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Ana. Of the three constituents NapGOs, NaHOOs aud NaGl 
of the mixture, it is only KaHOOs, which gives OO9 on heating, 
according to the equation. 

2 NaHOOa ““NaaCOs + HaO + CX)® 

2x (23 + 1 + 12 + 48) 44 

or 168 

From the above equation 

168 grams of sodium bicarbonate, on being decomposed by • 
heating, give 44 grams of carbon dioxide, i,e»t 22*4 litres of GOg 
at N.T*P., since molecular weight of any gas expressed in grams 
occupies 22*4 litres at K.T.P. Now GOg evolved from the sodium 
bicarbonate present in 2 grams of the mixture is 62 c.o. at 
26**C. and 752 mm. pressure. Let V be the volume. of this 
CO2 at N.T.P. Then by Boyle’s and Charles’ laws, we have 

62^^762 ^ F x_760 
273+“26"' 273 

^ 62 X 762 X 278 

when V 299x760 
— 66'02 c.c. 

Now 22400 c.c. of COg at N.T.P. is evolved from 168 grams 
of NaHOOa. 

168 

56*02 c.c. of CO2 at N.T.P. is given by 22406 ^ 

gram or 0*4202 gram of NaHOOs. Hence 2 grams of the mixture 
contained 0*4202 gram of NaHOOs. 

0*4202 

Therefore, 1*6 grams of the mixture contained ' ^ ^ 

gram or 0*33916 gram of NaHOOs. 

Now, from the equation, 

NaHOOs + HOI “ NaOl + HgO + OOg 
We know that, 

84 grams of sodium bicarbonate require 36*5 ^rams of HGl 
for neutralisation. Therefore 0*33616 gram of NaHOOs will 

36*6 

require x 0*33616 gram of HOI, or 0*1461 gram of HOI. 
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Now, from the equation 
2Na01 + HaBO* « 2HC1 + NaaBO* 

2 X 58*5 2 X 86*6 

We know that 2 x 58*6 grams of NaCl yield 2 x 36*6 gms. of 

36*6 

HCl. Hence 1*62 gm. of NaOl will yield ^ x 1*62 gm. of HCl, 


that is, 0*9484 gm. of HGl, But 0*1461 gm. of HGl is required to 
neutralise the bicarbonate present in the mixture. 

Therefore (0*9484 - 0*1461) gm. or 0*8028 gm. of HGl is used 
np to neutralise the carbonate of sodium present in the mixture. 

From the equation 

NaaGOs + 2HG1« 2NaGl + GOa + H .0 

.106 2 X 86*6 

We know that 2 x 36*5 gms. of HCl neutralise 106 gms. of 
NaaCOa- Therefore 0*8023 gm. of HCl will neutralise 


106 

2 X “36*6 


X 0*8023 gm. of NaaGOs, that is 1*166 gm, of NagCOa. 


'Hence 1*6 gms, of the mixture supplied contain 1*165 gms. 
of NaaGOs, 0*33616 gm. of NaHCOs and 


[1*6 “(1*166+ 0*33616)] gm. 
or, 0.'09,884 gm. of NaOl. 


0'3361-6 

Therefore, the percentage of NaHCOa - x IQO 

= 21 * 01 . 


>1 


1 *1 ^ 

" NaaCOa-'Y^ xlOO 
- 72*81. 

.. .T 0*09884 

NaOl ■ X 100 

-6*18. 


Q. 3. Describe an experiment in illustration of each of the 
following :— 

(a) Burning in an atmosphere of CO 2 , ib) Promotion of a 
chemical change by light, (c) Formation, of a solid by the mixing 
of two gasee* {d) Chemical reaction by means 0 / an electric arc. 
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Ana. (a) A gaB*jar is filled with carbon dioxide and then 
burning magnesium ribbon is introduced into it. The magnesium 
ribbon continues to burn with separation of soot. 

2Mg + CO3«2MgO + 0. 

(2)) A gas jar is filled up with carbon monoxide and anotltor 
jar is filled up with chlorine, the two jars are then placed 
mouth to mouth and the gases are thoroughly mixed inside a 
room. The mixture is then exposed to direct sunlight. CO and 
Cl 2 combine giving carbonyl chloride or phosgene gas. 

GO + Cl2 = COOl2. 

(c) Two gas jars are taken. One of them is filled up with 
partially dried ammonia gas and the other one with nearly dry 
hydrogen chloride. The two jars are then placed mouth to mouth. 
Dense white fumes of ammonium chloride are produced and 
these gradually settle as solid powder at the bottom and sides of 
the gas jars. 

NHa+HOl^NH^Cl. 

{d) Two carbon electrodes are fitted to a glass globe- 
provided with an inlet and an outlet tube. A current- of 
hydrogen is introduced through the inlet tube and air ia 
completely displaced from the glass globe. An arc is then 
struck between the two carbon pencils. Carbon and hydrogen 
combine under the influence of electric arc giving acetylene 
which escapes by the outlet tube. 

2C-+H2“C2Ha. 

Q. 4. Give the natnes and compositions of the chief ores of 
Zinc. Describe, in brief, the method by which the metal is 
extracted from the most important of its ores. Explain the chemical 
reactions involved in its extraction* State the uses of the metal and 
two of its alloys. How is Zinc detected f 

Ans, The important ores of zinc are 

(1) Calamine or zinc spar or Smithsonite— ZnOOs 

» 

(2) Zinc blende or black>jack—ZnS. 

Other ores are (3) Eed zinc ore—ZnO 

(4) Franklinite—(Zn.Fe) O, FeaOs. 

The most important ore, zinc blende, ZnS. is found to 
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associated with galena, (PbS) qnartz« sand, etc. To remove 
these the crushed ore is mixed with a little oil and stirred up 
with water when zinc blende rises to the surface and is thus 
separated from galena, sand, etc. which remain at the bottom. 
The carbonate ore, zinc spar, is also used for the purpose of 
extracting the'metal without preliminary concentration. 

The process of extraction consists of two operations^ namely, 
first, the conversion of the ore into oxide of zinc, by roasting ; 
and secondly, the reduction of the oxide by means of coal at a 
high temperature. 

Purified ZnS is roasted in multiple hearth furnace and is 
oxidised to ZnO. Care is taken to see that it is transformed as 
completely as possible into ZnO and not into ZuSO^,. 

2ZnS + 3 O 2 « 2ZnO + 280j5. 

The roasting of natural carbonate is readily accomplished, 
this compound merely giving off its 00 2 at a high temperature— 

ZnCOs-ZnO + OOg. 

. The roasted ore is then mixed with powdered coke and 
introduced in fire-clay retorts, which are strongly heated ; ZnO 
is reduced at or above lOOO’^O. to zinc, which distils off being 
volatile : 

ZnO+C == Zn + CO. 

The Belgian retorts are fire-clay tubes closed at one end, with 
iron tubes as receivers in which zinc condenses and solidifies. 
Silesian retorts are muffle furnaces with receivers of iron luted 
with fire-clay. About 10%—26% of Zn is lost due to oxidation of 
zinc and formation of zinc-dust, etc. 

The chemical reactions involved in the extraction of zinc are : 
roasting of the ore with the production of its oxide and subse¬ 
quent reduction of the oxide with carbon. Here sufficient amount 
of carbon is added to form carbon monoxide and taking care that 
no carbon dioxide is formed, for in that case, the liberated zinc 
vapour will be oxidised during codensation. Also much higher 
temperature than the boiling point of zinc is employed for 
preventing the formation of 002 . 

Uses of zinc ,—Zinc is used for galvanising iron sheets, for 
the manufacture of vats, tanks and pipes, for the electrodes of 
electric cells, in the extraction of gold and silver, for the pro- 



19fi8] 


IimiBHBDIATB OHBMISTBT 


628 


dnotion of hydrogen and as a rednoing agent in the laboratory, 
specially in the form of aino dost. 

Important alloys of zinc are ordinary brass, Dutch 'metal, 
Gorman silver and bronze. Brass is used for manufacture of 
utensils, German silver is used for preparation of artistic vessels 
as also for ordinary utensils and in the preparation of cheap 
ornaments. 

Zinc can be detected in its compounds both by dry tests and 
wet tests applied on them. 

^ r 

(1) Compounds of zinc, when mixed with Na 2 C 03 and 
heated on charcoal under the blowpipe flame, leave an incandes¬ 
cent residue which is yellow when hot, but becomes white on 
cooling. On moistening the white residue with a drop or two of 
cobalt nitrate solution and heating again under the oxidising 
blowpipe flame, a green mass is obtained (Rinman s green). . 

( 2 ) When NaOH, KOH or NH 4 OH solution- is added to 
a solution of a zinc salt in small amount, a white precipitate 
of Zn(OH )2 is produced. But the precipitate dissolves in excess 
of the alkali. 

(3) (NH 4 ) 2 B solution, on being added to a zinc salt solution, 
yields a white precipitate of ZnS. 

Q« 5. Describe and explain, with equation what happens 
when :— 

{a) chlorme is passed over molten tin scrap, 

(6) a hot solution of ferric chloride is treated with stannous 
chloride solution, 

(c) lead dioxide is heated with concentrated sulphuric add, 

carbon dioxide is passed into a solution of sodium 
aluminate, * 

cmpymia is added to any mercurous salt, 

AnsV^) Stannic chloride is formed, which »can be volati* 
Used by heat and can be condensed to a fuming liquid by 
cooling. 

Sn + 20l2«SnOl4. 

* 

In this case tin is completely oxidised to the stannic state. 
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(b) Ferrio*chtDride solution (yellow) is reduced to ferrous 
oMoride solution (colourless) by the reducing action of stannous 

SFeOls + SnOU « SFeCU + SnOl*.' 

, ^ (c) Qxygen is evolved as gas and lead sulphate (insoluble) 
is formed at first, a portion of which dissolves in excess of hot 
cone. H 2 SO 4 .. 

SPbftOi + 6 H 2 SO 4 - 6 PbS 04 + O 2 + 6 HaO. 

{d) When COa is passed through sodium altgninate solution 
heated at 50** - 60*^0, aluminium hydroxide is precipitated and 
sodium carbonate is formed in solution. 

2NaA102 + 00a + SHgO « 2A1(0H)3 + NsaCOs. 

(c) When ammonia is added to any mercurous salt, a black 
residue is obtained, containing finely divided mercury and amido- 
mercuric salt of the acid radical in combination with mercury. 

Hg2(N0 Oa + 2NH, -NHaHgNOa + Hp 
soluble +NH 4 NO 8 . 

Hg aOl a + 2NH a =- NH aHgCl + Hg + NH 4 OI. 

Insoluble. 

Q. 6. Write a short e<tsay on Mendeleeff*s i^enodic classification 
of elements. Discuss its menis and dements- 

Aus. In 1869 the Uussian Chemist Mendeleeff discovered 
that when the elements are arranged in the order of increasing 
Atomic weights, their properties vary from member to member 
in a definite way, but return more or less to the same value at 
fixed points in the series. 

Mendeleeff arranged the elements in a table in the order of 
their increasing atomic weights, the table being called the* 
periodic table or the periodic system. The original table, however, 
has undergone many modifications with the discovery of new 
data. Such a new table is appended herewith. In the table 
the elements are found to be arranged in horizontal series in 
such a fashion that when elements with similar chemical 
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properties are reached, they are arranged in the same vertical 
column. The horizontal series are called veriodst and the 
yVertical columns are called groups. The periods are divided 
into short and long^ according to the number of elements present 
in them. It is found from the table appended that the 1st 
period Consists of only two elements, Hydrogen and Helium. 
The 2nd period contains 8 elements from Lithium to Neon 
and. the 3rd period also consists of 8 elements from 
Sodium to Argon. The 2nd and drd periods are called 
short periods. Then comes the 4th period with 18 elements 
starting from Potassium and ending in Krypton ; similarly the 
5th period consists of 18 elements starting from Hubidium and 
ending in Xenon. These 4th and dth periods are known as 
long periods. The 6th period contains 32 elements, starting 
from Gsesium and ending in liadon and comprising in itself all 
the fifteen rare-earth elements. This 6th period is called a very 
long period or a monster period. The 7th period is fragmentary 
and it consists of only six radio-active elementsi of which the 
first one is an analogue of the alkali metals. The vertical 
groups now are nine in number, marked 0 (zero) to VIIL The 
group O includes all the inert gases like Helium, Neon, Argon, 
Krypton, Xenon and Bad on, discovered in atmospheric air 
long after the construction of the periodic table by Mendeleeff. 
These gases show no combining capacity and so their 
valency in zero. Groups are subdivided by Mendeleeff into two 
sub-groups, subgroup A and subgroup B. The elements in the A 
subgroup resemble one another more closely than they resemble 
elements of B subgroup, which again have so much similarity 
among themselves. This subgroup A of group I includes the 
alkali metals, and subgroup B of group 1 includes the coinage 
metals (copper, silver, gold). The alkali metals resemble one 
another very closely, but they show wide divergence in pro¬ 
perties from those of coinage metals ; the coinage metals again 
show similarity among themselves. 

The group number is found to correspond to the highest 
valency of the elements in the group with regard to oxygen. 

By arranging the elements in the above fashion, periodicity in 
both physical and chemical properties is at once seen. Such 
physical properties as atomic volume (atomic weight-r specific 
gravity), melting-point, boiling-point, electrical conductivity etc., 
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when plotted against the atomic weight in a graph ' perfectly 
periodic curves, showing waxing and waning at regular intervals, 
are obtained. In those graphs, similar elements are found to 
occupy similar positions. 

Similarly such typical chemical properties as valency and 
electro-chemical character of elements are found also to be 
periodic in nature. Thus. Lithium has a valency I with regard 
to hydrogen, NaH being the hydride formed by it. Similarly 
hydrogen valency rises upto 4 in group IV and then falls 
regularly to I again in group VII and then becomes zero in 
group 0. This is repeated in the 2nd period. 

The oxygen-valency is found to start from I in group I 
and go upto eight in group VIII and then falls to zero in 
group 0 and this regularity is seen in each period. The triads 
occurring in group VIII were named by Mendeleeff ^transitional 
elements*\ but this term ‘‘transitional elements” has now been 
applied to all elements starting from Scandium and ending 
in zinc in the 1st long period, from Yttrium to Cadmium in 2nd 
long period, and from Lanthanum to Mercury in the very long 
period. Hence Mendeleeff stated his Periodic Law as follows :— 
“The physical and chemical properties of the elements and their 
compounds are periodic functions of their atomic weights.” 

Merits of the Periodic Classification :— 

(1) It has systematised the study of Inorganic Chemislry by 
rendering the study of nearly 92 diverse elements into a study 
of nine vertical columns. 

(2) It has helped in the correction of doubtful atomic weights. 
One example will make this clear. The equivalent weight of 
Indium was found to be 38. Its atomic weight was taken aa 
2 x 38«76, by considering it to be bivalent. In that case 
Indium was to be placed between Arsenic and Selenium. But 
there was no room for such an element there. Mendeleeff, 
judging from its properties, suggested that Indium should have 
an atomic weight 3 x 38 114, which would place it between 
cadmium and Tin, where it fits very well* The subsequent 
determination of the atomic heat of Indium and thence its 
atomic weight corroborated this change and the correct atomic 
weight of Indium is taken as 114 and not 76. 
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'(3) It has helped in the predition of new elements. At; the 
time when the Periodic table was first constructed, Mendeleeff 
left three gaps in the table in the first long period in positions 
where Bcandium, Gallium and Germanium now occur. To the 
unknown; elements which were stated to occupy those positions, 
Mendeleeff gave the names eka^borony eka,~aluminium and eka~ 
silicon and from the known properties of the neighbouring 
elements of the series and also of those situated nearest in the 
same family, he predicted some of the prominent properties 
that would probably be possessed by these elements. These 
. predictions came out to be true when in 1875 Lecoq de Boisbau- 
dran discovered Gallium tallying in properties with eka- 
aluminium. Discovery of Scandium (Nilson, 1879) and Ger- 
rnaniqm (Winkler, 1886), when properties were found to accord 
closely with those of eka-boron and eka-silicon respectively 
formed an additional demonstration of the truth of the 
Periodic Law. 

(4) It has helped in the furtherance of researeh in Chemistry. 

Demerits of the Periodic Classification ;— 

I. The position of Hydrogen is yet open to discussion. It 
is monovalent and so can be placed either in Group 1 with the 
alkali metals or in Group VII with the halogens. The only 
argument in favour of placing Hydrogen with the alkali metals 
is that it is an electropositive element like alkali metals. 
Arguments in favour of placing Hydrogen in Group VH with 
the halogens are :—(l) Like the first two members of the 
family, viz.y F and Cl, it is a gas. (2) Like the halogens, it has 
di-atomic molecules. (3) It may be replaced, atom for atom, 
from organic compounds by the halogens. (4) Just as the 
metals form halides with the halogens, similarly alkali metals 
and the alkaline earth metals form definite hydrides with 
Hydrogen and in these hydrides Hydrogen behaves as an electro¬ 
negative element. (6) If Hydrogen be placed in Group VTl, 
the difference between the at. wts. of Hydrogen and its ne^t 
congener Fluorine is 18 which is nearly the usual difference 
between the atomic weights of two successive elements in the 
same group in the first two periods ; but this sequence is 
broken if it be placed in Group I, a difference of only 6 being 
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observed. To avoid these ditficulties Hydrogen has been placed 
at head of the table in a separate series by itself. ^ 

II. In the case of some elements, the atomic weighjt 
sequence is broken ; thus in three sets 

(a) Argon {39'9) and Potassium (39*0) 

ib) Cobalt (58*9) and Nickel (5B‘6) 

{c) Tellurium (127*5) and Iodine (126*2) 

Atomic weight sequence is reversed in those cases on 
chemical grounds. 

III. There are fifteen rare-earth elements for which appro¬ 
priate places have not been found s-nd they are jilaced together 
in one position in Group III. 

IV. The periodic classification according to atomic weights 
overlooks certain chemical analogies. For examples '.— 

{a) Copper, vSilver and Gold have very little analogies with 
Sodium, Potassium etc. and yet they have been placed in the 
same group with the alkali metals. Similarly, Manganese has 
been placed in the same group with the Halogens. 

(b) Copper and Mercury, Silver and Thallium, Barium 
and Lead, which appear to bs chemically similar, are, placed 
in separate groups. 

Q. 7, What is dialysis ? Describe an experiment to illustrate 

ft. 

How will you prepare colloidal silicic acid and silica from 
sodium silicate ? 

Ans. Dialysis. —Dialysis is the process by which a crystal¬ 
loid is separated from a colloid by mean of a semi-])ermeable 
membrane which is capable of allowing the crystalloid molecules 
to pass through it, but not the colloid particles. 

Graham found that certain substances like gum, albumen, 
silicic acid, etc.^ in solution cannot pass practically through 
parchment, animal bladder, etc., whereas certain other substances 
like hydrochloric acid, common salt, nitre, ek‘,., in solution 
readily pass through the parchment, animal blat^der, etc. 

Thus, a shallow bell jar open at both ends, but fitted with a 
piece of parchment paper or bladder at one end is kept partly 
immersed in water in another jar. Into the bell jar aqueous 
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solution of potassium iodide is taken along with certain amount 
of starch also in solution. A little of this mixed solution when 
treated with chlorine water turned blue. After a time it is 
found that potassium iodide has passed into the outer jar but 
not particles of starch present in the solution. It is proved by 
adding chlorine water to water present in the outer jar which 

“turns brown due to liberation of iodine from KI. 

% 

The apparatus shown in the adjoining figure and used in 
the experiment is called a dialyser, and this process of separa¬ 
tion of a colloid like starch from a 
crystalloid like potassium iodide is 
called dialysis. 

Preparation of colloidal silicic 
acid from sodium silicate :—Sodium 
silicate solution is carefully added 
to an excess of cone. HCl, when 
silicic acid is formed* But it 
remains in colloidal solution. The 
solution also contains NaGl and 
HOI. 

Na8Si08+2HCl 

«2Na01 + H2Si03. 
The mixture is placed in a dia¬ 
lyser, which is placed suspended in 
Fig. 147 water. The smaller sized molecules 

and ions of HCl and NaGl pass through the pores of the 
membrane, while the bigger sized particles of colloidal silicic 
acid remain behind in the dialyser in colloidal solution. 

Silica from sodium silicate ;—Solid sodium silicate is taken 
in a basin and cone. HGl is added to it. The mixture is heated 
on an asbestos board till a solid residue is left behind. This 
solid residue is sintered at 150°0 with constant stirring with a 
glass rod for about 15 minutes. The basin is then removed 
from the asbestos board and cooled to room temperature. The 
solid residue is then boiled with water and filtered. Sodium 
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chloride dissolves and is removed in solution* The residue pn 
filter paper is silica, SiOa. It is collected and dried. 

NaaSiOs + 2HC1« 2Na01+SiOa + HaO. 

i 

Q. 8 . Define and illustrate the following :— 

Decomposition^ dissociation, electrochemical equivalent, efflores* 
cence and deUquescenoe, > ^ 

Alls. Decomposition is a general term. It signifies perm&nent 
breaking down of a compound into simpler components, which 
do not unite again under changed condition. . , 

Thus, ammonium nitrate decomposes on beating into nitrous 
oxide and water, but under no changed condition nitrous oxide 
and water combine to form ammonium nitrate. 

NH4N08*Na0 + 2H20. 

—Dissociation is a temporary splitting up of molecules into 
simpler molecules or atoms which reunite under different experi¬ 
mental conditionsi the splitting taking place in such a fashion 
that dynamic equilibrium is set up under all changed conditions 
between undecomposed molecule and the simpler compounds 
formed from it, 

Thus, on heating, NH 4 CI dissociates into NH 3 and HCl and 
on cooling NH 4 CI is formed back* but during heating an equili¬ 
brium condition is set up depending on temperature, when rate 
of decomposition and of recombination of NHs and HGl is 
found to balance. 

NH4Cl5:iNHa+HCl. 

Electro.chemical equivalent;—The electro-chemical equi¬ 
valent of an element is that weight of it in grams, which is 
liberated by one coulomb of electricity, i, e., one ampere of 
electric current flowing for one second. 

The electro-chemical equivalent of hydrogen is 0'0000104 and 
the electro-chemical equivalent of any other element is, from 
Faraday’s second law of electrolysis, the chemical equivalent of 
that element multiplied by the electro-chemical equivalent of Ha* 

Efflorescence is the phenomenon shown by some crystallohy- 
drates of slowly losing water of crystallisation at the ordinary 
temperature when left exposed to air. Thus, crystals of 
washing soda, NaaCOs, lOHaO, when left exposed to air at the 
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or^nary temperature, loses 9 molecules of water of crystf 

and falls to powder giving rise to the monofej _ _ 
MsCOsrHaO. Washing soda, therefore, exhibits the ph#»il^ei$0& 
m efflorescence. 



f * _ 


i > DeUetieseence is the phenomenon shown by some etystaUiiift 
^^aolids of absorbing moisture from air, when they Itre kept 
td air. These solids, under the condition mentioned, ^ 
■it iGbr^l moist and ultimately turn into liqtuid. Thus solids 
chloride or magnesium chloride, on exposure to air, turns 
and then melt in the water abstracted from air. Thus 
dum chloride and magnesium chloride are said to show the 
noraenon of deliquescence. 







